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Dkt. 41426-D/JPW/CY 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Ron S. Israeli et al . 

Serial No.: 08/470,735 Group Art Unit: 1647 

Filed: June 6, 1995 Examiner: S. Gucker 

For: PROSTATE-SPECIFIC MEMBRANE ANTIGEN 

1185 Avenue of the Americas 
New York, New York 10036 
June 16, 2 004 

Date of Notice 

Of Allowance: April 20, 2004 Confirmation No.: 7764 



VIA HAND 

U.S. Patent and Trademark Office 
220 20^^ Street S . 

Customer Window, Mail Stop Petition 
Crystal Plaza Two, Lobby, Room 1B03 
Arlington, VA 22202 

ATTN: Director of Technology Center 1600 

Sir: 

PETITION TO WITHDRAW FROM ISSUE AT THE INTITIATIVE OF THE 
APPLICANT UNDER 37 C.F.R. §1.313 (a) 



This Petition is submitted to withdraw from issue the 
above-identified application at the initiative of the 
applicant under 37 C.F.R. §1. 313(a). A Notice of 

Allowance was issued on April 20, 2004 by the United 
Patent Office in connection with the above-identified 
application requiring applicants to submit (i) the issue 
fee and (ii) new formal drawings by the July 20, 2004 
deadline for doing so. A copy of the April 20, 2 00 4 
Notice of Allowance is attached hereto as EXHIBIT A. The 
deadline for paying the issue fee is July 20, 2 004 . 
Applicants have not yet paid the issue fee for the 
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subject application, and are filing this Petition prior 
to the payment of issue fee. Therefore, this Petition is 
timely submitted , 

REMARKS 

Related Facts 

On March 10, 2004, the undersigned's office received a 
letter dated March 5, 2004 from our Japanese associates, 
Suzuye & Suzuye, Tokyo, Japan, addressed to Mark A . 
Farley, Esq., an attorney formerly, but not presently 
affiliated with the undersigned's law firm. A copy of an 
Official Action issued March 2, 2004 by the Japanese 
Patent Office in connection with corresponding Japanese 
Patent Application No . 51142 6/94 was enclosed with this 
letter.. In their March 5, 2004 letter, our Japanese, 
associates indicated that an English translation of the 
Official Action and copies of any cited references would 
be sent to us shortly thereafter. On March 17, 2004, Mr. 
Farley forwarded a copy of this letter to the client, and 
to legal representatives of a licensee and a sublicensee. 

On March 29, 2004, the undersigned's office received a 
letter dated March 26, 2004 from our Japanese associates 
addressed to Mr. Farley forwarding an English translation 
of the March 2, 2004 Official Action, attached hereto as 
EXHIBIT 5 to the Supplemental Information Disclosure 
Statement (EXHIBIT C) , and copies of the four, references 
listed below: 
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1. Slusher, B.S., Robinson, M.B., Tsai, G., Simmons, 
M.L., Richards, S.S., and Coyle, J.T., ''Rat Brain 
N-Acetylated a-Linked Acidic Dipeptidase Activity"', 

The Journal of Biological Chemistry , 

265 (34) :21297-21301 (December 5, 1990) (hereafter 
referred to as ''the Slusher et al . reference'^ 
attached hereto as EXHIBIT 1 to the Supplemental 
Information Disclosure Statement (EXHIBIT C) ) ; 



2. Carter, R.E., Feldman, A.R., and Coyle, J.T., 
"Prostate-specific membrane antigen is a hydrolase 
with substrate and pharmacologic characteristics 
of a neuropeptidase" , Proc , Natl. Acad. Sci . USA , 
93:749-753 (January 1986) (attached hereto as 
EXHIBIT 2 to the Supplemental Information 
Disclosure Statement (EXHIBIT C) ) ; 

3. Halsted, C.H,, Ling, E., Luthi-Carter , R., 
Villanueva, J. A., Gardner, J.M., and Coyle, J.T., 
"Folypoly-Y-glutamate Carboxylpeptidase from Pig 
Jejunum'', The Journal Of Biological Chemistry , 
273 (32) :20417-20424 (August 7, 1998) (attached 
hereto as EXHIBIT 3 to the Supplemental 
Information Disclosure Statement (EXHIBIT C) ) ; and 

4. Wang, T.T.Y., Chandler, C.J., and Halsted, C.H., 
"Intracellular Pteroylpolyglutamate Hydrolase from 
Human Jejunal Mucosa", The Journal Of Biological 
Chemistry , 2 61 ( 2 9 ): 13551-1 3555 (October 15, 1986) 
(attached hereto as EXHIBIT 4 to the Supplemental 
Information Disclosure Statement (EXHIBIT C) ) . 
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On March 30, 2004, Mr. Farley's affiliation with the 
undersigned's law firm ended. Another attorney, Cindy 
Yang, Esq., prepared a letter dated April 6, 2004 for 
signing by the undersigned which forwarded to the client, 
and to legal representation of the licensee and the 
sublicensee a copy of the March 26, 2004 letter and 
copies of the cited references. This letter failed to 
indicate that the references needed to be reviewed and 
possibly be made of record in the subject application. 

On June 4, 2004, Edward Gates, Esq., an attorney 
representing a sublicensee notified the undersigned that 
the references cited in the March 2, 2004 Official Action 
issued by the Japanese Patent Office should be considered 
in terms of making them of record. However, since these 
references were first cited, in a March 2, 2004 Official 
Action issued by the Japanese Patent Office, the deadline 
for submitting these references in a Supplemental 
Information Disclosure Statement under 37 C.F.R. §1.97 (d) 
was June 2, 2004. As a result, the undersigned could not 
make the required statement under 37 C.F.R. §1.97 (e), and 
hence, could not submit these references in a 
Supplemental Information Disclosure Statement to the U.S. 
Patent and Trademark Office. 

Further to a June 10, 2004 telephone conversation between 
William Dixon, Jr., a Special Program Examiner in the 
Technology Center of Group 1600, and Ms. Yang, and a June 
10, 2004 telephone conversation between Jasemine Chambers, 
a Director of Technology Center 1600, and Ms. Yang, 
applicants are filing this Petition and are concurrently 
filing an Amendment After Notice Of Allowance Pursuant To 
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37 C.F.R. §1.312, attached hereto as EXHIBIT B. The 
Amendment seeks to (1) amend the allowed claims to recite 
the term ''monoclonal" now found in an allowed multiple 
dependent claim which is being canceled. A copy of this 
Petition has been submitted to the Examiner with the Rule 
312 Amendment. 

Action Requested 

Applicants hereby petition that the subject application 
be withdrawn from issue under 37 C.F.R. §1.313 (a) for 
consideration of the Supplemental Information Disclosure 
Statement under 37 C.F.R. §1.97, attached hereto as 
EXHIBIT C, including the Form PTO-1449 attached thereto 
as EXHIBIT A to the Supplemental Information Disclosure 
Statement, so that references not previously of record 
may be considered and made of record by the Patent Office 

As confirmed during a June 8, 2004 telephone conversation 
between Petitions Examiner Mary-Ann Morgan of the Office 
of Petitions at the U.S. Patent and Trademark Office and 
Ms. Yang, a petition under 37 C.F.R. §1. 313(a) must be 
accompanied by: 

(1) the petition fee set forth in 37 C.F.R. §1.17 (h), 
and 

(2) a showing of good and sufficient reasons why 
withdrawal of the application from issue is 
necessary . 



According to 37 C.F.R. §1. 17(h), the required fee for 
filing a petition under 37 C.F.R. §1.313 (a) is ONE- 
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HUNDRED AND THIRTY DOLLARS ($130.00), Authorization is 
hereby given to charge the $130.00 fee for filing this 
Petition to Deposit Account No. 03-3125. 

Applicants are petitioning that the subject application 
be withdrawn from issue in order that the four references 
submitted in the attached Supplemental Information 
Disclosure Statement may be considered by the Patent 
Office . 

As mentioned above, applicants are concurrently filing an 
Amendment After Notice Of Allowance Pursuant To 37 C.F.R. 
§1.312 which seeks to (1) amend the allowed claims 
currently reciting '"antibody" to incorporate the term 
''monoclonal" currently present in an allowed multiple 
dependent claims which is being canceled. In accordance 
with their duty of disclosure under 37 C.F.R. §1.56, 
applicants are filing this Petition in order to have the 
subject application withdrawn from issue in order that a 
Supplemental Information Disclosure Statement containing 
the four references cited in the March 2, 2004 Official 
Action may be considered by the Patent Office. 

Applicants also point out that the filing date of the 
subject application is June 6, 1995, and therefore, the 
subject application qualifies as a Pre-GATT application. 
As a Pre-GATT application, any patent issuing from the 
subject application is entitled to a patent term of 17 
years from the date of issue. 

Due to the Pre-GATT status of this application, it would 
be prejudicial and an undue hardship to the applicants to 
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have to file a Request For Continued Examination (RCE) to 
have these four references considered by the Patent 
Office since filing such an RCE ' would cause the 
application to lose its Pre-GATT status , and therefore, 
resulting in a dramatic loss of patent term of at least 
nine years . 

Applicants note that this Petition is being filed 
promptly after they became aware of the need to submit 
these references . 

Applicants maintain that they have paid the required fee 
for filing this Petition and made a showing of good and 
sufficient reasons why withdrawal of the application from 
issue is necessary, and therefore, request in the 
interest of justice that this Petition be granted. 

Siommary 

For the foregoing reasons, applicants earnestly solicit 
an expeditious withdraw from issue of the subject 
application under' 37 C.F.R. §1. 313(a) and look forward to 
receiving from the Director of Technology Center 1600 a 
communication to this effect . 

If this Petition is not granted by the July 30, 2004 
deadline for paying the issue fee, applicants will pay 
the issue fee to avoid abandonment of this subject 
application, as provided in M.P.E.P. § 1308. 

If a telephone conference would be of assistance in 
advancing prosecution of the subject application, 
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applicants' undersigned attorney invites the Examiner to 
telephone him at the number provided below. 

No fee, other than the $130.00 fee for filing a petition 
to withdraw from issue under 37 C.F.R. §1.313 (a), is 
deemed necessary in connection with the filing of this 
petition. If any additional fee is required, 

authorization is hereby given to charge the amount of any 
such fee to Deposit Account No. 03-3125. 

Respectfully submitted. 




Johh Pi White 
RegrsJJration No. 28, 678 
Attorney for Applicants 
Cooper & Dunham, LLP 
1185 Avenue of the Americas 
New York, New York 10036 
(212) 278-0400 
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United States Patent and Trademark Office 
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1 185 AVENUE OF THE AMERICAS 

NEW YORK. NY 10036 



EXAMIMER 
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ART UNIT 



PAPER NUMBER 



1647 

DATE MAILED: 04/20/2004 



I ATTORNEY DOCKET NO. | CONFIRMATION' NO. [ 
41426-D/JPW/ 7764 



APPLICATION NO. 



FILING DATE 



FIRST NAMED INVENTOR 



08/470,735 06/06/1995 RON S. ISRAELI 

TITLE OF INVENTION: ANTIBODIES TO PROSTATE-SPECIFIC MEMBRANE ANTIGEN 



APPLN. TYPE 



SMALL ENTITY 



ISSUE FEE 



PUBLICATION FEE 



TOTAL FEE(S) DUE 



DATE DUE 



nonprovisional 



YES 



$665 



$0 



$665 



07/20/2004 



THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION im IHE MERITS IS CLOSED . THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
S APPLICA^ ^ YS SUBJECT t5^ FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 

PETITION BY THE APPLICANT. SEE 37 CFR L313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAU ING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANJVQI SE EXTENDED . SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE 
REFLECTSA CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR 
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL 
BE REGARDED AS ABANDONED. 

HOW TO REPLY TO THIS NOTICE: 



I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOTAL FEE(S) DUE shown 
above. 

B. If the status is changed, pay the PUBLICATION FEE (if 
required) and twice the amount of the ISSUE FEE shown above 
and notify the United States Patent and Trademark Office of the 
change in status, or 



If the SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check the box below and enclose 
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above. 

□ Applicant claims SMALL ENTITY stams. 
See 37 CFR 1.27. 



II PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with 
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid. Part B - Fee(s) Transmittal should be 
completed and reUimed. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be 
completed and an extra copy of the form should be submitted. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark OfTice 
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P.O. Box 1450 
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ATTORNEY DOCKET NO. | CONFIRMATION NO. 
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PAPER NUMBER 



. 1647 

DATE MAILED: 04/20/2004 



Determination of Patent Term Extension or Adjustment under 35 U.S.C. 154 (b) 

(application filed prior to June 8, 1995) 

This patent application was filed prior to June 8, 1 995, thus no Patent Term Extension |>r Adjustment applies. 

Any questions regarding the Patent Term Extension or Adjustment determination shojild be directed to the Office 
Patent Legal Administration at (703) 305-1383. Questions relating to issue and publication fee payments should 
directed to the Customer Service Center of the Office of Patent Publication at (703) 30^8283. 
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Ijj^ PART B - FEE(S) TRANSMITTAL 
^Complete and send this form, together with applicable fee(s), to: Mail 



or Fax 



Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
(703)746-4000 



INSTRUCTIONS- This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 4 should be completed where 
appropriate All further correspondence including the Patent, advance orders and notification of mamtenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate FEE ADDRESS" for 
maintenance fee notifications. ; 



CURRENT CORRESPONDENCE ADDRESS (Note: Lcgibty martt-up with any corrections or use Block 1) 
7590 04/20/2004 

JOHN P WHITE 

COOPER AND DUNHAM 

1185 AVENUE OF THE AMERICAS 

NEW YORK, NY 10036 



Note: A certificate of mailing can only be used for domestic mailings of the 
Fec(s) Transmittal. This ccrtiricate cannot \pc used for any other accompanying 

Eapcrs. Each additional paper, such as an assignment or formal drawing, must 
avc its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
1 hereby certify that this Fee^ Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEt address above, or being facsimile 
transmitted to the USPTO, on the date indicated below. 
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{Date) 
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1 . Change of correspondence address or indication of "Fee Address" (37 
CFR I.f63). 

□ Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

□ "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 



2. For printing on the patent front page, list (I) the 
names of up to 3 registered patent attorneys or 
agents OR, alternatively, (2) the name of a single 
fiPTi (having as a member a registered attorney or 
agent) and the names of up to 2 registered patent 
attorneys or agents. If no name is listed, no name 
will be printed. 



3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE- Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has 
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment, 
(A) NAME OF ASSIGNEE 



(B) RESIDENCE: (CITY and STATE OR COUNTRY) 



Please check the appropriate assignee category or categories (will not be printed on the patent); □ individual Q corporation or other private group entity □ government 
4a. The following fce(s) are enclosed: 4b. Payment of Fee(s): 

□ Issue Fee □ A check in the amount of the fec(s) is enclosed. 

□ Publication Fee □ Payment by credit card. Form PTO-2 03 8 is attached. . . 

□ Advance Order - # of Copies ] □ The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to 

'■ Deposit Account Number ■ (enclose an extra copy of this form). 

Director for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above. 



(Authorized Signature) (Date) 



NOTE; The Issue Fee and Publication Fee (if required) will not be accepted from anyone 
other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 



This collection of information is required by 37 CFR 1.31 1. The information is required to 
obtain or retain a benefit by the public which is to file (and by the USPTO to process) an 
application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is 
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the 
completed application form to the USPTO. Time will vary depending upon the individual 
case. Any comments on the amount of time you require to complete this form and/or 
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, Alexandria, Vireinia 
22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. 
SEND TO: Commissioner for Patents, Alexandria, Virginia 22313-1450. 

Under the Paperwork Reduction Act of 1995, no persons arc required to respond to a 
collection of information unless it displays a valid OMB control number. 
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RULE 1.116 AMENDMENT 
EXPEDITED PROCEDURE 
GROUP ART UNIT 1647 

Dkt.. 1769/41426-D/JPW/CY 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Ron S. Israeli et al. 

Serial No.: 08/470,735 Examiner: S. Gucker 

Filed : June 6, 1995 Group Art Unit: 1647- 

For :- PROSTATE-SPECIFIC MEMBRANE ANTIGEN 

1185 Avenue of the Americas 
New York, NY 10036 
June 16, 2004 

Date of Notice I 

Of Allowance: April 20, 2004 Confirmation No.: 7764 

VIA Hj^ND 

U.S. Patent and Trademark Office '. | 

220 20^^ Street S. ^ - ' 

Customer Window, Mail Stop Issue Fee 
Crystal Plaza Two, Lobby, Room 1B03 
Arlington, VA 22202 

MAIL STOP ISSUE FEE 

Sir: 

AMENDMENT AFTER NOTICE OF ALLOWANCE 
PURSUANT TO 37 C.F.R. §1.312 

This Amendment is submitted pursuant to 37 C.F.R. §1.312 in 
order to amend claims 128-138 and 141 to recite the term 
^^monoclonal'' previously recited in allowed multiply dependent 
claim 140 which would now be canceled, in the above-identified 
application. The issue fee is due July 20, 200.4 and has not 
■yet been paid Accordingly, this Amendment is being timely 
filed. 
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piease amend the subject application as follows: 
Amendment: to the Claims : 

This listing of claims will replace all prior versions, arid 
listings, of claims in the application: 

Listing of the Claims: 

1-127 . (Canceled) 

12 8 . (Currently Amended) A purified monoclonal antibody 
which binds to a fragment of an outer membrane 
domain of prostate specif ic . membrane antigen, which 
fragment has within its structure the consecutive 
amino acid sequence Asp-Glu-Leu-Lys-Ala-Glu (SEQ ID 
NO: 35) . 

129. (Currently Amended) A purified monoclonal antibody, 
which binds to a fragment of an outer membrane 
domain of prostate specific membrane antigen, which 
fragment has within its structure the consecutive 
amino acid sequence Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID 
NO: 36) . 

130. (Currently Amended) A purified monoclonal antibody 
which binds to a fragment of an outer membrane 
domain of prostate specific membrane antigen, which 
fragment has within its structure the consecutive 
amino acid sequence Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID 
NO: 37) , 
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131 . (Currently Amended) A purified monoclonal antibody 
which binds to a fragment of an outer membrane 
domain of prostate specif ic ; membrane antigen, which 
fragment has within its- structure each of the 
following amino acid sequences: 

(,a) Asp-Glu-Leu-Lys-Ala-Glu (SEQ ID NO: 35) ; 

(b) Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID NO: 36),;. 

(c) Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID NO: 37);. 'and 

(d) Ala-Gly-Ala-Leu-Val-Leu-Ala-Gly-Gly-Phe-Phe- 
Leu-Leu-Gly-Phe-Leu-Phe (SEQ ID |^0:38) . 

132 . (Currently Amended) A purified monoclonal antibody 
which binds , to a fragment of an \ outer membrane 
domain of prostate specific membrane antigen, which 
fragment has within its structure each of the 
. following amino acid sequences: 

(a) Asp-Glu-Leu-Lys-Ala-Glu (SEQ ID NO: 35); 

(b) Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID NO: 36); and 

(c) Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID NO: 37.) . 

133 . (Currently Amended) A purified monoclonal antibody 
which binds to a fragment of prostate specific 
membrane antigen, which fragment corresponds to a 
hydrophilic region of an outer membrane domain of 
prostate specific membrane antigen, the amino acid 
sequence of which antigen is set forth in SEQ ID 
NO: 2 - 

134 . (Currently Amended) A purified monoclonal antibody 
which binds to a hydrophilic region of an outer 
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membrane domain of prostate specific. membrane 
antigen, which hydrophilic region has within its 
structure the consecutive amino acid sequence Asp- 
Glu-Leu-Lys-Ala-Glu (SEQ ID NO: 35) . 

135. (Currently Amended) A purified monoclonal antibody 
which binds to a hydrophilic region of an outer 
membrane domain of prostate specific . membrane 
antigen, which hydrophilic region has within its 
structure the consecutive amino acid sequence Asn- 
Glu-Asp-Gly-Asn-Glu (SEQ ID NO: 36) . 

136. (Currently Amended) A purified monoclonal antibody 
which binds to a hydrophilic, region of an outer 
membrane domain of prostate specific membrane 
antigen, which hydrophilic region has within its 
structure the consecutive amino acid sequence Lys- 
Ser-Pro-Asp-Glu-Gly (SEQ ID NO: 37). 

137. (Currently Amended) A purified monoclonal antibody 
which binds to an outer membrane domain of prostate 
specific membrane antigen, the amino acid sequence 
of which antigen is set forth in SEQ ID NO: 2. 

138. (Currently , Amended) A purified monoclonal antibody 
which binds to a hydrophilic region of an outer 
membrane domain of prostate specific membrane 
antigen, , the amino acid sequence of which antigen is 
set forth in SEQ ID NO : 2 . 

139. (Canceled) 
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140 . (Canceled) 

141. (Currently Amended) A composition of matter 
comprising the monoclonal antibody of any one of 

. . claims 128-138 and an agent conjugated to the 

monoclonal antibody . 

142. ( Previously Presented) The composition of matter of 
claim 141, wherein the agent is a radioisotope, or 
toxin . 

143. (Previously Presented) A composition comprising a 
carrier and the composition ' of matter of claim 141. 

144. • (Previously Presented) A method of imaging prostate 

cancer in a sub j ect which comprises administering to 
the subject the composition of matter of claim 141, 
wherein the agent is an imaging agent under 
conditions permitting formation of a complex between 
. the composition of matter and prostate specific 
membrane antigen, and obtaining an image of any 
complex so formed. 

145. -160. (Canceled) 

161. (Previously Presented) A monoclonal antibody having 
an antigen-binding region specific. for the 
extracellular domain of prostate specific membrane 
antigen, the amino acid sequence of which antigen is 
set forth in SEQ ID NO : 2 . 
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162 . (Canceled) 



163 . (Canceled) 
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REMARKS 

A Notice of Allowability and a Notice of Allowance was issued 
on April 20, 2004 in connection with the subject application. 
The April 20, 2 00 4 Notice of Allowability indicates that the 
allowed claims are claims 128-144 and 161 and that these 
claims have been renumbered as claims 1-17 for issue. However, 
applicants understand that this is a clerical error, and that 
the Notice of Allowability should indicate that claims 128-138, 
140-144 and 161 have been allowed and will issue as claims. 1- 
17 . 

Applicants hereinabove have amended claims 128-138 and 141 and 
canceled claim 140. Accordingly, upon entry of this Amendment, 
applicants maintain that amended claims 128-138, 141-144 and 
161 will be pending and should be allowed. 

Applicants maintain that the amendments to claims 128-138 and 
141 do not. raise any. issue of new matter, and that claims 128- 
138 and 141, as amended, are fully supported by the 
specification as originally filed. 

Applicants submit this Amendment to amend claims .128-138' and 
141 to recite the term ''monoclonal" in allowed multiply 
dependent claim 140 which is being canceled concurrently. 

Applicants are concurrently filing a Petition To Withdraw From 
Issue At The Initiative Of The Applicant Under 37 C . F. R. 
§1. 313(a) in order to have the subject application withdrawn 
from issue in order that a Supplemental Information Disclosure 
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Statement disclosing four references be considered. A copy of 
this Petition is attached hereto as EXHIBIT A. 

A copy of the Supplemental Information Disclosure Statement 
submitted as EXHIBIT C with the Petition is also enclosed. In 
the Supplemental Information Disclosure Statement, applicants 
bring to .the Examiner's attention the following four 
references which were cited in a March 2, 2004 Official Action, 
issued by the Japanese Patent Office in corresponding Japanese 
Application No. 511426/94, a copy of which is attached hereto 
as EXHIBIT 5 to the Supplement Information Disclosure 
Statement: | 

1. Slusher, B.S., Robinson, M.B., Tsai, G.j, Simmons, M.L., 
Richards, S.S., and Coyle, J.T., "Rat Brain N- 
Acetylated a-Linked Acidic Dipeptidase Activity", The 
Journal of Biological Chemistry , 2 65 ( 34 ): 21297-21301 
(December 5, 1990) (attached hereto as EXHIBIT 1 to 
the Supplemental Information Disclosure Statement); 

2. Carter, R.E., Feldman, A.R., and Coyle, J.T., 
"Prostate-specific membrane antigen is a hydrolase 
with substrate and pharmacologic characteristics of a 

rn^nropeptidase". Proc . Natl. Acad. Sci. USA, 93:749- 

753 (January 1986) (attached hereto as EXHIBIT 2 to 

■ the Supplemental Information Disclosure Statement) ; 

3. Halsted, C.H., Ling, E., Luthi-Carter , R., Villanueva, 
J. A., Gardner, J.M., and Coyle, J.T., "Folypoly-y- 
glutamate Carboxylpeptidase from Pig Jejunum", The 
Journal Of Biological Chemistry, 273 (32 ): 20417-20424 
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(August 7, 1998) (attached hereto as EXHIBIT 3 to the 
Supplemental Information Disclosure Statement) ; and 

4. Wang, T.T.Y., Chandler, C.J., and Halsted, C.H., 
"Intracellular Pteroylpolyglutamate Hydrolase from 

Human Jejunal Mucosa", The Journal Of Biological 

Chemistry ,. 261 (29) : 13551-13555 (October 15, 1986) 
(attached hereto as EXHIBIT 4 to the Supplemental 
Information Disclosure Statement). 

Applicants maintain that the amendments to the claims require 
no substantial amount of work on- the part of the Patent Office, 
and merely incorporate the term "monoclonal" recited in 
already allowed claim 140. 

If a telephone conference would be of assistance in advancing 
prosecution of the subject application, applicants' 
undersigned attorney invites the Examiner to- telephone him at 
the number provided below. 
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No fee is deemed necessary in connection with the filing of 
this Amendment. If any fee ' is required, authorization is 
hereby given to charge the amount of such fee to Deposit 
Account No. 03-3125. 

Respectfully submitted. 




John/ P ■ White 
Regiktiation No. 28,678 
Attorney for Appllicants 
Cooper & Dunham LLP 
1185 Avenue of thje Americas 
New York,^ New York 10036 
(212) 278-0400 | 
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Group Art Unit: 1647 
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1185 Avenue of the Americas 
New York, New York 10036 
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U.S. Patent and Trademark Office 
220 20^^ Street S. 
Customer Window 

Crystal Plaza Two, Lobby, Room 1B03 
Arlington, VA 22202 



In accordance with their duty of disclosure under 37 C.F.R. 
§1.56, applicants would like to direct the Examiner's attention 
to the following disclosure which is listed^ on the attached Form 
PTO-1449 (EXHIBIT A) . A copy of the disclosures listed below as 
item 1-4 are attached hereto as EXHIBITS 1-4: 

1. Slusher, B.S., Robinson, M.B., Tsai, G., Simmons, M.L., 
Richards, S.S., and Coyle, J.T., "Rat Brain N-Acetylated 
a-Linked Acidic Dipeptidase Activity", The Journal of 
Biological Chemistry , 2 65 { 34 ): 2 12 97 -2 1301 (December 5, 
1990) (EXHIBIT 1 ). ; 

2. Carter, R.E., Feldman, A.R,, and Coyle,. J.T., "Prostate- 
specific membrane antigen is a hydrolase with substrate 
and pharmacologic characteristics of a neuropeptidase" , 
Proc. Natl. Acad. Sci. USA , 93:749-7 53 (January 1986) 
(EXHIBIT 2) ; 



Sir : 
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Halsted, C.H., Ling, E., Luthi-Carter , R. , Villanueva, 
J. A., Gardner, J.M., and Coyle, J.T., Folypoly-y- 
glutamate Carboxylpeptidase from Pig Jejunum", The 
Journal Of Biological Chemistry , 273(32) :20417-20424 
(August 7, 1998) (EXHIBIT 3); and 

Wang, T.T.Y., Chandler, C.J., and Halsted, C.H., 
"Intracellular Pteroylpolyglutamate Hydrolase from Human 
Jejunal Mucosa", The Journal Of Biological Chemistry , 
261 (29) : 13551-13555 (October 15, 1986) (EXHIBIT 4). 

An Official Report was issued on March 2, 2004 in connection with 
related Japanese Application No. 511426/94. A copy of the 
English translation of the March 2, 2004 is attached hereto as 
EXHIBIT 5. The above-listed reference was cited in that Official 
Action. 

If a telephone conference would be of assistance in advancing 
prosecution of the subject application, applicants' undersigned 
attorney invites the Examiner to telephone him at the number 
provided below. 



3 . 



4 . 
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No fee is believed necessary in connection with the filing of 
this Supplemental Information Disclosure Statement. However, if 
any fee is required, authorization is hereby given to charge the 
amount of such fee to Deposit Account No. 03-3125. 



Respectfully submitted. 



John P .\ White 
Regis\;^ition No. 28, 678 
Attorri^ for Applicants 
Cooper & Dunham, LLP 
1185 Avenue of the Americas 
New York, New York 10036 
(212) 278-0400 
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Vcl 265. No. W. or D««ii»b.i a. pp. 3129-3-21301 1990 

in N-Acetylated a-Linked Acidic Dipeptidase Activity 

(Received foi publication, March* 19, 1990) 



ViKVi !i.?rKi:; - >"^»' — 



Bat Brain „ 

PORinCATlON AND IMMUNOLOGIC CHARACTEMZAT30N 



have «>»f^™^^****VV/«»rined enavme ^as char- 

™ui.ocytocben.ical studies sho^ '"I." bell^ »nd 
tidase in.m«i.ore»ctivity in tbe cerebellar and ren 

cortices. 



Electrophysiologic. lesion, and ^^^^^"^^^'^'{tw^t- 
ies suggest that the endogenous neuropeptide, ^^^^'Jyi 
aspanyl-L-glutamate (NAAG).' may act as a 
ter/neilronfodulatot in the central nervous 'Y^^ f^^^'^.g 
and Covle 1989). Recently a qujsqualate (Qujs)-sensaive 
™ldrse activity was identified in brain membranes which 
?U^vt'N>^G ;;>Vacetyl-u-asp»rtate (NAA) -^^^'^"^^-^t: 
in a manner analogous - ^he sy-PUc n^^^^^^ I -ty.^ 

is subse quently txensporUd into synaptosomes by the prev. 

Thi. .nici, '{jT^l^ion 73'. - ,rd.?au .hi. 

^''^Tt^^ll.t^T.^ "e: NAAG. A'-ecetyla-a^panM-u-Pluu. 

-"^-^ 

ELISA. cn:ymf linkwi iromuno.'orbent essev. 



nn.lv chaiaclerized sodium-dependent high-affinity glute- 
m"u uptake st« (Blakely et oL. 1986; Robinson e, oi.. 1987). 
Alternatively, NAAG may function as a precursor to gluta- 
mate, sbifling the primary role of th.s peptidase vo regulating 
cluiaxnaU evailebility. 

This peptidase has been characten«d in rat synaptosomal 
membT^es (Robinson et cL, 1987; Blak. ly « oi. a988).^ln 
this crude membiene prej^aration.tbe peptidase demonstrates 
remai^ably high apparent affinity for it^ putative substraU 
NAAG with a K„= 540 nM. Tbe enzyme 16 membrane-bound, 
TthnuUted by chloride idns. and inhibits! by divalent metal 
chr^rs suggesting that it U a metallopeptidase. U «s en- 
riched in synaptic plasma membrane, and » primarily local- 
I«d to neural tissue and kidney. Companaon of it. properu.a 
10 those of other known endopeptidases. aminopeptideses. 
dipeptidases, and acyl amino acid-r.l.a.ing "J'y"" 
th^ it is a novel peptidase (Robinson et ot. 1981; BlaVely et 
c/ 19M) Since H is possible that NAAG is not the sole 
substiau for this activity in vivo, this P'PJ)^' 7* 
N-acetylaled o-linked acidic dipeptidase (NAALA dipepti- 
oase) for its structural specificity for >/-acetyl«ted o-hiAe6 
acidic dipeptides. Recently, it has been demonstrated that 
I'HINAAG is degisded by a pharmacologically similar ei»7>'me 
in vivo (Stauch et oL, 1989). These dat* are cons»ient 
with a role for NAAUA dipeptidase in the disposition of 

endoeenous NAAG. , , . i 

In this manuscript, we describe for the first time the solu- 
bilization of NAAUA dipeptidase from rat membranes, its 
purification to apparent homogeneity, the characUnT^tion of 
the purified protein, the det^^rmmation 
weiEht the production and cbaracUnzation of antJ-NAALA 
rpejtidase antibodies, and the localization of NAALA dipep- 
tidase immunoreactivity in brain and kidney. 



EXPEBIMENTAL PROCEDURES AND RESULTS^ 
Chromotographic Purification of NAALA Dipeptidose-Re- 
-ults of the purification of rat brain NAALA dipeptidase 
;ctivity are summaii^ed in Table I. The overall Purification 
was 720-fold with 1-6% recovery, yielding 2 mg of highly 
purified NAALA dipeptidase from 500 whole rat brains De- 
tails of the solubilization end chromatographic steps are found 
in the miniprini supplement. ^. „ <^r>c i 

AnolysU of £n7-^me Homage neity^Ti^^ 2 ehowB SDS poly- 
acrylamide gel electrophoresis of pooled fractions at various 
sxZe. in the purificslion. After the lentil Lectin sUp, ihere 
was one mejoi silver-siained protein band migrating at 94 

' Portions of Ihis p^pei (including -En^erimenUl Proc.dur^.^ pen 
of -Re.ulU.' end Fif. ]) bx^ presented in min.pnnl at the end of thi. 
PBpTi Mm Pimi ..Mly read with the aid of a sumcwd m^rnifymf 
deT. Full si.c pho:ocopie. ere included in the mKrcfilm edu»on of 
the Joumel ihet is evsileblc frtim Weveily Press. 
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Table 1 * 
Summery otth.puriticction of NAALAdipepiidasf 

^ummurj , f . vyi whole lel biains er 

described -F^ocrimenUl Proceduree. 



Strp 



Crude homogericte 
Lysed Bynaptofomel 

membranes 
Solubilixed protein 
Pooled DEAE frecxion? 
Pooled CM freciionf 
Pooled leniil lectin 

fractiont . 



mf 
S'/.OOO 
9.000 

2,000 
450 
20 
2 



Specific 
•rtivily 


Rrccvrrv 


Purificnion 


pmotfmgfmin 


9t 




b 


100 


1 


16, 


31 


3 


.71 


33 


14 


160 


17 


31' 


900 


4.1 


ISO- 


3.600 


1.6 


170 





Fic 3 Visu.limtion of NAALA dipcplidMC •clivily in aJi 

^i^ed for NAALA dipeplidast .ctivity « <W!b«l unde, E,p»n- 
^nenU) Methods.' The resulting .eUv. band w«. then e.ciied. ho- 
"og^iJed boil«l in SDS/n>ercptoetk-nol *".30 ."^5; •^^'T^ 
«^ eel B tb. left luie it » .ilvet-.Uined SDS gel of the 
r,c'^d n1*lX dip.ptida« .ctWity bend from A. The r«/.i tone » 
. si "truined SDS gel of th. .fining ««»P»n"|i« ^'»"f ''^ 

N^^Al!* dipeptid«»e .clivity (e.«. gluUmeW debydrogemue .odoni- 
^^u«olta^ violet, ph.n.xin. n»tho.ulI.U). NoU tb»t the 
^ILAd^^^ptiiLe .rtivity bend conUin. only on. b«nd mifxetrng 
^t^ U5..^Wch1snnot be .nHbul«J to the NAALA d.pept.d«e 
activity staining components. 



OCAC CM LEHm 

Fic 2 SDS-pol>.«cr>l«»We eel elcctrophoretic •J-J?'*^"' 
pooled fxBClioBS from ^^^-^^iTf*^ (10 of protein): 

/oi^B, pooled CM « 129-c 

^/eTTt rc^stlnf ^;?,«?tr :.o'\n^^p7o^ developed ^th ^ 

"iWet .t»ining (W«y »» o£. 19S1). 

VDa and a minor Idifluse) band migrating between " ""^ M 
kD^The liUratur* s«Bg«ts that minor cont«nin.Ung P^- 
te^nuT are either mercl^th^ol artifacts Guevara « oi 
m2; TasheU and Dessev. 3983) or skin ketauna (Och., 

^^ite st^irung intensity of this 94-kDe band was correlated 
Wiethe Amount of NAALA dipeptidase -^-^ //P"^^ 

observed whose staining density comc.ded w,th NAALA 
Depiidase activity (data not shown). .j„„,. ,>,., the 

Although these data provide; compellmg "^^.f "« .V^" V'', 
sAna b»nd is NAALA dipeplidase. it .s st.U possible that 
^AA^^'^peptidsse U not represen^ by a^^^and c.n the 
pel Therefore, b specific enzymatic acuviiy .wu 
gci. 1 nei^i ^/a A^A diDeptidase activity within fi polvBcryl- 



Pot<r«y of compounds for irjJ^kion/sUnmiatU>n of punned NAAUK 

MAAIJI diDeotidase Briivily wm mcBBumi m detcnbed under 
-ir!^,i^^nt^Pii^ 4^ « *^^>«~^ inhibitor.. When EGTA 
w J'T^J^ ^o e^ncus coUu w« .dd«! to the «s.y. Peptide 
^^Ihwln^ere used «>i iheii previcnj.ly irport*d 1C« concentrstiom 
In ;^">^pt^»l meinb«n« (Kohia«« ci ol. 1^7). D.t* .rr 
«D^«ed^ the percent of Activity deUrmined m the .beence of 
tnhil^T (control) Result* a« the me« of .t J««t two experiment* 
^io^Srd m dupUcte. Except ^here noUd eipenment* were per- 
forroed with L-isomen) and o-hnhe d pepUdea. 
Co ID pound 



Cooc*ntT»ticn Control xHivity 



Inhibitors (pM) 
Aep-Glo 
Quisqualic acid 
Glu-Glu 
Gly-Glu 
-y-Glu-Glu 
Glu 

Glu-Glu-Glu 
N-Acetyl-Asp 
Sodium phosphate 
EGTA 



030 
0.48 
0.76 

ao 

9.6 
31 
62 
100 
100 
1000 



W 
51 
61 
67 
62 
23 
65 
95 
57 
' 4 



five bands were revealed with Ihia procedure. aU bands, except 
fox s 94.VDa prouin. were attributed to the staining compo- 
nent* used to visualize NAALA dipeptidase activity in the 
nondenaturing gel (e.^- glutam at* dehydrogenase, 'odon.tro- 
tetraxoliuui violet, phenaxine methosulfate; Fig. 
W). These data suggest that the 94.kDa band « NAALA 

"^Pro^^*^ 0/ ih^ Purified NAALA Dipeptidose^ As was 
observed for activity chaxacuriied in synapto^oTDaJ 
membranes (Bobinson et at, 1987). purified NAALA d. pep- 
tidase was potentW inhibit^J by quiaqualet* with 50 /c inhi- 
bition at (Table 11). PepUdase activity was also 
rnhibited bv phosphate and EGTA; cobalt strongly stimuleud 
activity Purified NAALA dipeptidase showed a high apparent 
^mit>- foT NAAG hydroWBi. with a of 140 nw (mean of 
two determinations within 10%). 

Struciuie-BCti%-iiv Ttleuonshipt of purified NAALA dipep- 
lidase were e^eroined using peptide analogs of NAAG ano 
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nc. 4. Jminunoprecipitotion ot 
NAALA dipepiida^e activily. Detfiiie 
perioininp lo the lmmunoprecip.l*t.cn 
ere dc6crib*d under -E>penmeniat 
Melhod*/ The rieph* prewnied are one 
repr««nuiive 5*1 of deia obiemed frorn 
three aeperate e^perimenu. In bnti, 
vBryinp emounit of preimmune end im- 
mune «i« wrre added to cnide brain 
membienea end incubeled ovemiphl on 
Trotao- »t 4 "C. The foUowmp 

day. GemmeBind C-Agerow was edded, 
incubated lor 3 h at 4 'C. «nln. 

measured in the supernatant (Q) and 
pellet (♦). 






hBAaT 



3* kD • 




0.3 



I I I I I I I 11 



Fic 5 Survey of the tissue disiri- 
bulion of NAALA dip«piid»se im- 
munoreaclivUy. Tissue e»trecui (250 
of prouin) v-eie aubject to SDS-poly- 
acrylBinide gel electTophoresis, irant- 
fened to niiroceUuloae. incubated w»th 
immune seTum »^in5t NAALA dipepu- 
daae followed by color development as 
citciibed under •Eiperinoental Meth- 
ods.- All samples shown were run in 
pkrellcl. The level of NAALA dipepti- 
dkse activity identified in each regrion is 
provided. 



.5d««. Su.inint ror ibottom). Note the 

«tebelUi cortex (top) '"^^ , ""'"'^ ' cell l.vfT! of the 

positive s..inin» in .he "f^.V^r. ^o^^^^ 

cerebeUet cone, .nd the prox.m«l lobules en^^ described under 

cone,. Decile or the •'"»""°^^,f;^^\'^M"„oleo.l.T Uyer. f , 
-E,petin>«nt.l Piocedures. .^"'bell" cone, 

Puikinje cell lover: (T. rrBnolor '•y"' f f goo'"^'^ 
/>r pro.imal tobolei.; G, trlomeroli; £or - 3W 



compered v..i,h whet w«s previously det.rrnmed UMng s lysed 

SrrrwT/e^sr: 'a7'o ^ha. was repon^d inUUlly, e.cept 
tlSo. by "P-,Srr.>!f ?.Se^' etyLXn Ifd 
re;: rpo,"t^o"u:rr,rS^er;etb.an^e. (50.. ir,H-..Uior. a, 0.3 

'T:^yC^L.rr.o.,nn-P.nf^^6 NAALA d.peptid..e 



was used to raise polyclokal •nubod.es m pnnee 
^E^J^rimental Piocedt^res'). Eniyrne-Hnked .mmunoeoibcnt 

o^trat^ thai the anti-NAAUA dipeptldase ant.aera was spe- 
onstrateO tnai ii> determined by eniyroe-linked 

■i^:;:S^r£ a^y"^^^- -E;pe.in>e„..l Procedures"), was 
.r^«TO,imflteW 1:10.000 (data not shown). . . , 

'''C^^preciL.ior.-The immune serum P-cp-t-t^ 
NAALA dipepudase activity from solob,l,«d bra.n mem- 
branes prein.o>une a«™m did not precip.tat* act.^ty (F»g. 4)- 
^mTune'^rerum partially inhibited NAALAJ^P^-^-J^", 
itv therefore, at antibody dUut.ons less than 1.100.000 t«rt^l 
Activity ^°ng the imn,une serum was less th«, acUv.ty m the 

^"l/^r" b7oS- An SDS gel loaded with crude hontoge- 
! ! from rat heart brain, inustine, livet. kidney, pancreas. 
See,; aTd u stis wl; transferred to nitrocellulose and probed 
with anti-NAALA dipeptidase immune serum as de*cr,^d 
Jr^^T "p:.t>erimeDta] Procedures." The immune serum rec- 
^rnfzed?' i^E rl^Toa band in brain, kidney, and testis only, 
con t^ent -^th the locali«.Uon of NAALA dipeptidase acuv- 
ly (Fig 5). No staining was detecUd usi,^ pre.mmune ^n.m 
Vmm.Jocyrochembtr,-lmmunocytochem.csl.,pe^^^^ 
revealed NAALA dipeptidase-posrt.ve sta.mng in 
Llar and granule cell layers of the cerebellar ^on« 
Purkin^e cell layer was devoid of immunoreact.v,ty (F g. 6. 
fop) In the lat kidney. NAALA dipeptidase-pos.t.ve sta.n.ng 
wa. detected in the proximal tubules and glomeruh of the 
Tenal cortex; the distal tubules were easent.ally devoid of 
rmunorelcUvitv (Fig. 6. bottom). No immunosum.ng was 
raled " n P 'eimr^un; serum, even at lO-fold higher con^ 
centiations. In addition, preadsorption of the antiserum with 
p."!ned NAALA dipeptidase (0.03 mg/ml) completely abol- 
ished immunochemical steinmg. 



DISCUSSION 

Brain NAALA dipeptidase activity was solubiliied with 
TrUon X-lOO «nd .equentiaUy p.,rif,ed with ion-e>cha„re and 
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lentil lectin .ff.nity ch,on,.u>gTBphy (Fig. 1). f E'^JP'^V. 
,o« resolved NAAUA dipeptids^e BCi.v.ty P^^; 
however, both peek* were phBrn^ecolog.cBlly ""J >""^;'^^ 
similer. Since DEAE peak 1 wes the P'jf °"""!"^^/P^,= 
(>86% of eluted activity), it was *'"P'°>'\'*/°' 
cation. NAALA dipeptidase "tivity (peak 1 <5'<^ "°Yn 
with DEAE-Sepharoae at pH 1.9 and bound to CM-Sepharose 
at thi:».n.e pH. euggeating that this pxoum ha. - 
high isoelectric point (pi); moat P^***'"^^,^'"^^'^^ ^^^^^^ 
pH 1.4 (Righetti .Dd Caravaggio 1976). Chromstofocus.ng 

chroo^atography conf.rn,ed this -o7irn,''Lt° 
NAALA dipeptidase of appro>.m»t«ly pH S-0/°"f '''"^ '"^ 

keratins (Ocha. 1983). In fact, we have seen th.s diffuse band 
in lanea rtin with sample buffer alone. „„,e..„ted 
To den>on«rau that the 94-kpa "P""*".^^. 
NAALA dipeptidase. activity appbed to f " P^l 
correlated 4h proUin staining inUns.ty of 

gels, the 94.kDa band was the only b""*^ "''"rTtjIxLA 
Liking density coincided with the ar^oumofap^^^^^^^ 

dipeptidaae activity. Turthermore. NAALA ^P^P^ 'VT^i 
itrwaa visuaUzed directly in a nondenatur.ng gel (Fig. 3A) 
K^X;!*. Tpeptidase activity demonstrated a J'^" "J 
mieration into the nondenaturing gel, consistent with >ts high 
TaTle'rc point. This resulting acUvityba^^^^ 
the nohdenaturing gel and run on an SDS geh P^^^ « f 
again revealed a single unique band at 94 IbI bi^d 

Together, these dat- strongly suggest that this 94.kD8 bano 

^tf^fcSS^matography of the P-^^'ed and semi 
purified protein .bow that NAALA ^^Ptidese m^^^^^^ 
sistent writb a molecular mase of 225 IUJa, . J- 

s^TeeUre occasionally observed Botb Protem and acUv ty 

,^,s demonatrau that I^Pt^^-jl;- » 

n^orposed of t:^ identicB. 

ruwi:I.uUively. tbe larger species f'-^^^l^^^^Z 
exclusion chromatography may represent protein-detergent 

to inhibition of NAALA dipept.dase. ^^''J""; fV"^ ,hat 
cobalt stimulation support initial data ^""f/^^^^j^,. 
NAALA dipeptidase was a metallcpeptidflse. Similar to actl^ 
Uy^n fysTJ^^neptosomal membianes ^^f^f J^^^^^^.t 
peptidase displayed ^^-^r^^^'TV^^^^^^^ 

si?Jil;t:p?re"J^'P^ 

affinity for iu putBlive substrate, NAAG. w,th 8 ol M 
nM. 



The availability of purified prouin permitted the produc- 
tion of anti-NAALA dipeptidase antisere. The resulte pre- 
sented in thie tiudv demonftrate that the polyclonal antibod- 
ies raised in guinea pig are remarkably selective, of high titer 
end capsble of reccfniz.nF both native and denatured NAALA 
dipeptidase. Western enBlyeia of gels loaded w,th crude bram 
homogeneUE revealed that the antisera oclusively recogn.ied 
the 94-kDa band. Besides brain NAALA dipeptioase. the 
antibodies crosE-reacud with kidney and testis NAALA di- 
peptidase; no imiDunoreactivity was observwi in regions de- 
void of NAALA dipeptidase activity (F»g. 5). The entiaera 
inhibiud NAALA dipeptidaee activity although not com- 
oletely m% inhibition at l.JOO dilution), and was capable of 
precipitating NAALA dipeptidase activity from a crude brain 

"using* this telec.ive and specific antisera. NAALA dipepti- 
dase immunoresctivity was locaUted to the glomeruli and 
proximal tubules of the kidney corte, (Ftg. 6B). Th>s localiza- 
tion is consisuni with micropunch analysis of NAALA dipep- 
tidase Activity.' which found that the vast majorrty of NAALA 
dipeptidase activity was localized to the rena^ corte, (kidney 
cortei = 166 pmol/mg/min|uersw kidney medulla = 10 pmol/ 
mr/min) Interestingly, other brain peptidaaes. angiotensin 
"nvmtg enzyme Lid er^kepbalinaae (Schul.. 1988; Tauc^ 
1988) have also been loceUzM » ^he glomeruli .ndprojimaJ 
tubules of the kidney, sreas where their putative brain sub- 
Btraus are not found. In the neural tissue. NAALA dipepti- 
dase immunoreactivity wa^j <o"f^m «rei^ reported previously 
to contain NAAG (Blakely imd Coyle. 1989). 

NAALA dipeptidase is a novel enzymatic activity involved 
in NAAG hydrolysis. In this study, we have solubilized and 
Durified rat brain NAALA dipeptidase to apparent homoge- 
neity developed specific anti-NAALA dipeptioase antiserum, 
and have begun to map it^distribution iri rat brain and k.oney. 
We anticirau using the antiserum to fully determine iU« renal 
rnd^urone't locaH,.ation and to screen . cDNA library to 
obtain the NAALA dipeptidase clone. 
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ABSTRACT This reporl demonstrates that ihe invcsliga- 
lional prostalic carcinoma marker knowji as the proslaie- 
specific membrane antigen (PSM) possesses hydrolvttc activ- 
ity with the substrate and pharmacologic properties of the 
A'.aceivlated o-Iinked acidic dipeplidase (NAAUAJJase). 
NAALAXtase is a membrane hydrolase that has been charac- 
leriied in Ihe mammalian nervous system on the basis of its 
calabolism of Ihe neuropeptide A'-aceiylaspartylglutamale 
(NAAG) to >ieid glutamaie and N-acelyiaspariote and lhat 
has been hypolhesiied lo influence glutamalergic signaling 
processes. The immunoscreening of a rat brain cDNA expres- 
sion library with anii-NAALADase antisera identified a 1428- 
base partial cDNA thai shares 86% sequence idenlily with 
J428 bases of Ihe human PSM cDNA Hsraeli, R. S., Powell, 
C.T., Fair, W. R. & Heston. W. D, W. (1993) Concur Res. 53, 
227-230]- A cDNA containing the entire PSM open reading 
frame was subsequently isolated by reverse transcription-PCR 
from the PSM-posillve prostate carcinoma cell line LNCaP. 
Transient iransfeclion of this cDNA into two NAALADase- 
negative cell lines conferred NAAG-hydroly/iDg activity that 
was inhibited bv the NAALADase inhibitors quisqualic acid 
and p-NAAG. Thus we demonstrate a PSM-encoded function 
and identify a NAALADase-encoding cDNA. Northern anal- 
yses identify at least sbc transcripts that are variably ex- 
pressed in NAALADase-positive but not in NAALADase- 
negative rat tissues and human cell lines; therefore, PSM 
and/or related molecular species appear lo account for NAAG 
hydrolysis in the nervous system. These results also raise 
questions about the role of PSM in both normal and patho- 
logic prostate epithelial-cell function. 

Gluiamatc is ihc predominant excitatory ncuTOiransmiticr in 
the mammalian central nervous system and a diverse set of 
receptors aciivatabie by gluiamaic and other glutamatc-likc 
molecules has been demonstrated to be mvolved in the pro- 
cesses of both rapid neuronal signaling and synaptic plasticity 
(1) Two imponant aspects of excitatory transmission siill to be 
defined arc the spectrum of endogenous ligands for the 
olutamote family of receptors and the specific mechanism(s) by 
which synaptic glutamate arises. It has been hypothesized thai 
the acidic ncuiopepiidc N-acetylaspariylglutamaic (NAAG) 
might both serve as an endogenous receptor ligand and a 
clutamaie pioiransmitier stored within piesynaplic nerve ter- 
minals. NAAG is localized to specific groups of neurons in 
brain (2) from which it is released in a calcium-dcpendeni 
manner upon depolarization (3, 4). One puzzling aspect of the 
neurophysiology of NAAG has been the leporis of cxciiaiory 
(5, 6), inhibitor^ (7. 8). and no (9, 30) elecuophysiologic effects 
observed upon its application to different neurons. These 

The pubticyiion coMS of ihis ariiclc were Jcir;iycU in p.^it by pape chaicc 
povmcnt. This oniclc musi therefore he hcieby m^rl^cd -na^eruirmrnt in 
accordance with !« U-S.C. §1734 solclv m indic.-)ic th.,s fact. 



variable effects likely reflect the diverse actions of NAAG and 
its metabolites at members of the glutamate receptor family. 

Intact NAAG is an agonist at a subpopulation of meiabo- 
iropic glutamate receptors negatively coupled lo adenylate 
cyclase (11) and antagonizes the effects of glutamate at the 
yV-methyl-D-aspartate subtype of ionoiropic receptors, where it 
is a weak agonist (8, 12). NAAG is also catabolizcd to 
elutamate and A'-acetylaspartate in nervous tissue by the 
quisqualate-sensitive N-acetylated a-linked acidic dipeptidasc 
(NAALADase) (13). The hydrolysis of NAAG by NAALA- 
Dase to yield glutamate may thus be an important source of 
this neurotransmitter. Further, NAAL-ADase is enriched in 
the synaptosomal fraction of brain (14), consistent with pos- 
sible roles in both the termination of NAAG-mediaied actions 
and the regulation of glutamate concentrations at neuronal 
synapses. 

Supporting their relevance to glutamalergic signslmg, NAAG 
and NAALADase have been implicated in disorders of the 
nervous svsiem associated with the dysrcgulation of glutamater- 
gic neurotransmission, such as amyotrophic lateral sclerosis (15, 
16), schizophrenia (17), and seirure disorders (18, 19). The 
directions of the observed alterations in NAAG levels and 
NAALADase aaivity in these disorders correlate with the pre- 
dicted changes in Eluiamatc-reccptor-mcdiaicd signaling. 

One form of NAALADase has been purified to apparent 
homogeneity from rat brain (20). The purified enzyme is a 
Elycoproiein with a native apparent molecular mass of *=94 
kba. Specific antisera raised against the purified glycoprotein 
demonstrate immunoreactivity that correlates with the distri- 
bution of NAALADase activity in rat brain, peripheral nerves, 
kidney, and sexual organs (20-22). The following report 
describes our use of these antisera to identify a human cell line 
cDNA lhat encodes a hydrolase activity with the substrate and 
pharmacologic properties of the NAALADase previously 
characterized in rat brain. The discovery of a NAALADase 
cDNA should prove to be a substantial advapcc toward 
understanding the neurobiologic function of NAAG and its 
likely role iri the important process of glutamatergic signaling. 

MATERIALS AND METHODS 

Immunoscreening. The characteristics of the ami-NAALA- 
Dase antisera that were used for immunoscreening have been 
reported (20). Immunoscreening of a Agtll rat brain cDNA 
expression library' obtained from Rachaet Neve (McLean Hos- 
pital, Harvard Medical School, Boston) was conducted per 
Young nnd Davis (25) w ith a 1:100 dilution of primary antiserum. 

Abbicviaiions: NAALADase, /^-aceiylaicd o-linkcd acidic dipepli- 
dase; PSM. proMuic-specific membrane antigen; NAAG, A'-acctyl- 
uspaiiylj-lutamiile; Rl-PCK. reverse iranscriplion-PCR; ^-NAAG. 
N-aceiyl-fl-L-aspariyl-L-gluinmaic. 

STo whom icpiini icquesis should be addressed ai: McLean Hosplial. 
I I; Mill Sircci, Bclmoni, MA 02178. 
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750 Neurobiology: Cuncr ei ul. 

Six immunopositivc clones were .subcloned inio ihe £<roRl site of 
pBlucscripi 5K- (Siraiagenc). Plusmid DNA wi.s isolated u.smg 
the Wizard DNA purification svstem (Promcga). 

DNA Stqurncinp and Analysis. Didcoxynucleoudescqucnc- 
inp reaciions were done by using Scqucnasc kit 70/70 (Am- . 
ersham) or a PJu (cxo-) Cyclisi sysicm (Suaugene) according 
10 ihe manufacturer's instructions. Sequence analyses were 
conducted by using the Genetics Computer Group (Madison, 
Wl) package, version 7. . . u ^ 

Cell Lines Tumor cell lines were obtained from the Amer- 
ican Tvpc Culture CoUcclion. The DU145 and PC3 Hnes were 
Grown' in Dulbecco's minimal Eagle's mcdium/2 mM glu- 
iaminc/30% fetal bovine scrum. The LNCaP line was grown 
in KPMl 1640 medium/2 mM glutamine/nonessential amino 
acids/5% fetal bovine scrum. All medium reagents were from 
GIBCO/BRL. . . . 

Enivme Assavs. Monplaycr cultures (ji-mm dish) of Lr^- 
CaP DU145 and PC3 cell lines were soiubih2cdmio 1.2 ml of 
icc-c'old 50 mM Tris-HCl buffer (pH 7.4 3rC) containmg 
0 5% Triton X-lOO by sonicaiion. For comparative analyses, 
100 ul of each cell-line lysaic (20-100 Mg of protein) was 
assayed for NAAG-hydrolyzing activity with or without the 
NAALADasc inhibitors quisqualic acid (Kescorch Biochcrnj- 
cals) (^4 25) andN-acetyl-p-L-aspariyl-L-glutamaie (p-NAAO) 
(Bachem) (25). Thirty-minuic radiocnzymatic assays were con- 
ducted in triplicate as descrt-bed by Slusher er ui (20) and mduded 
cell-free blanks and rai brain tissue samples as negative arid 
positive controls, rc:>pectivcly. For kinetic analysis of NAALA- 
Dase in the LNCaP cell line, 5O0 ng of total protein was assayed 
at substrate concentrations of 15 nM-lO mM. Reported values are 
the means of three assays :r SEM. 

Northern Bloiiing. Total RNA from adult male Sprague- 
Dawlev rais (Taconic Farms) or cell lines was prepared by the 
method of Chirgwin ti aL (26). RNA was separated by 
electrophoresis through a 1.2% agarose gel containing 3% 
formaldehyde, clcctrophorctically transferred to a nylon mem- 
brane and hvbridizcd to a random-primed "P-radiolobeled 
cDNA probe '(specific activity - 3.5 X lO'^ 6pm/^xz)prcp^rf^<^ 
usinc a Prime-It kit (Stratagcne) at 42*C overnight. Final 
hieh-strincency washes were done with 0.1 X standard saline 
cit'rate/0 f% SDS at either 65X (rat RNA) or 5S^C (human 
cell line RNA). The RNA was determined to be intact and 
evenly loaded by ethidium bromide siaining and/or UV 
shadowing. Hybridization was delected by autoradiography 
using a Molecular Dynamics Phosphorlmager. 

Reverse Transcription (RT)-PCR Cloning of Prostate- 
Specific Membrane Anilgen (PSM) cDNA. Reverse iranscrip- 
tion reactions were conducted at 47-50*C for 2 hr using 
Superscript 11 reverse transcriptase (BRL) according to the 
manufacturer's recommended conditions with the addition ol 
recombinant RNasin (Promcga) at 40 uniis/25_)al ^n^jn some 
cases the addition of 3-33 mM dimethyl sulfoxide in the RNA 
demuuration step (equivalent to 2 mM final concentration in 
the transcription reaction). PCRs were done with native Pfi^ 
(Stratagcne) or AmpliTaq (Perkin-Elmer) polymerase ac- 
cording to the supplier's recommendations usmg a GenAmp 
480 thermal cycler (Perkin-Elmer). Thermal cycling parame- 
ters consisted of an initial denaturation step (94 C for 4 mm) 
followed by 50-35 cycles of amplification (94 C for 1 min 
60-68^ for 1 min, 72*C for 3 min), and ending in a final 
eMension step (72-C for 7 min). Pj^nier sequences are as 
follows: primer ,1 . TGCAGGGCTG ATA AGCGAG, pr im^^^^^ 
AGCCACGCCACGCTCTTG; primer TCATCCAATTO- 
GATACTATG; pHmer 4, TCTTTCTGAGTG ACATAC Prim- 
er^ were desicned to amplify two cDNAs coniaming the 5^ and 
3' recions of^he PSM coding sequence (bases 134-160:> and 
114V2569 of the Israeli ti al. (27) clone. GenBank accession no. 
M994871 whose overlapping sequences would contain a native 
EcoR} le.iricuonsite (position l572).The re.vuhant cDN/^" were 
joined usinc this £cdR1 site and cloned into the BomH] and 
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Xbn 1 sites ol the mammalian expression plasmid pcDNA3 
(Slraiagenc), resulting in plasmid PSMA2. 

Transient 1 rant fertions. The 35-rTim dishes of PC5 or 
DU145 celis were transfecied with 3 Mg supcrcoiltd plasmid 
DNA [prepared bv the method of Radloff ct al. (28) using 
Lipofeciin (DRL) 'per the supplier's protocol or the calcium 
phosphate-mediated method of Graham and van der Eb (29)]. 
Mock, pcDNA3CAT. and PSMA2 iransfeciions were done in 
parallel, and cells were harvested 48 hr after iransfeclion for 
enzymatic assavi 

RESULTS 

Iminunoscreeninp with An(i-NA ALADase Aniisera. A 
screen of *2 million plaques of a rat brain cDNA library in 
Actll yielded six immunoposilive clones of apparently similar 
size. Sequences of the 5' and 5' ends of these six cDNAs ( — 250 
bases) were identical. DNA sequence analysis of one of these 
clones (W6) revealed a 1428-bp insert that contained an open 
reading frame of 1407 bases. The absence of an initiation 
codon indicated that this cDNA did not represent a complete 
coding sequence. To examine size and distribution of the 
mFlNA species represented by the V/6 clone relative to 
NAALADase activitv, we did Northern analyses of rat brain, 
kidney, and liver RNA using the W6 cDNA as a probe. Fig. 1 
shows that the disiributior^ of detectable transcripts corre- 
sponded to the tissue cxprcskion of NAALADasc activity with 
brain and kidney positive a^id liver negative. Interestingly, at 
least six transcripts were deiccinble in brain and kidney at 
estimated sizes of 3900, 3000, 2800, 2100, 750, and 500 nt. This 
is a larger population of transcripts than would be accounted 
for bv the NA ALADase activities previously described in brain 
and kidney homogenaies b^ kinetic (13) or physical analyses 
(20), which show one or two compartments of activity, respcc- 
lively, or by immunoblots of brain that show three specific 
immunoreactive bands (R.E.C., unpublished data). 

Comparison of the sequence of the W6 clone to the Gen- 
Bank sequence data bank revealed that bases 3-1428 of this rat 
brain cDNA were 86% identical lo bases 1 106-2554 of a cDNA 
previously isolated from the human prostatic carcinoma cell 
line LNCaP (27). This identity occurs mainly in the 3' end of 
the coding region of the PSM cDNA and extends 23 bases into 
the 3' untranslated sequence. The function of the protein 
described bv this cDNA was unknown; it had been identified 
as a potentially useful clinical marker for prostatic carcinoma 
and was designated PSM (27, 30). 



Rai Tissues: 




NAALADasc ^ ^ 

Activity: 

Fig. 1. Expiession of putative NAALADasc mRNAi in rat lissues. 
ElectuJbiots of JO ol UMal RNA from nil hroin. kidney, and livei 
were hvhriUized to' a 142P-bp W6 cDNA prohc. Noie that the 
distiibuiion ot deiccmble transcripts corrciaies widi iht espicsfion of 
NAALADast activity. Wc observe si* trnnscripis of 3.9. TvO. 2.E, :.l. 
0.75. ani1 O.t kb in icnpth. which are variably expressed in brnin onU 
ViUnev. 
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Cocxprrjjion of a Homolopous niRNA and NAALADase 
Aciiviiv in rruMMic Carcinoma Cell Lines. To explore ihc 
po^sibilitv ihat ihc previously described PSM cDNA species 
encoded NAALAD»sc, ihc LNCaPcell line from which u w;u 
cloned was assaved for NAALADasc aciivity. Tnvo prostatic 
carcinomn cell lines (DU145 and PC3) .^^ich had been re- 
ported to express neither the corresponding mRNA nor PSM 
.r^tipen were assayed in parallel as Jll'' 
PSM-posiiive LNCnP cell line exhibited h>?h NAAG- 
hvdrolvtic activity, whereas the DU145 and PC^ (PSM- 
aniipen-nepative) lines were inactive (Table 1). Further e.arn^ 
ination of enzymatic activity in the ^^CaP hne revealejl both 
hich affiniiv and high specific activity for NAAG (Am - - 
10 nM. K„,:, = 1215 - 40 pmol/mg of protein P^J.^nin). In 
addition, the observed NAAG hydrolysis was inhibited by 
quisaualic acid, a NAALADase inhibitor, ^^^^"^f f »f 
catcd that the LNCaP peptidase activity was NAALADase. 
Northern analysis of the three prostate carcinoma cell lines was 
subsequently conducted and, consistent with its encoding a 
NAALADase protein, the W6 cDNA probe detected three 
RNA species from the LNCaP cell line and none in the DU3 4? 
or PC3 samples (Fig. 2). The predominant RNA species 
expressed by LNCaP cells (2.8 kb) is the f^'^J^'^f " 
antigen trar^script that was detected by the PSM cDNA clone 
of Israeli tt ai (27). , ^ ^, ^. 

Expression of PSM cDNA in NAALADase-Nepative Pros- 
tate Oircinoma Cell Lines Confers NAAG-Hydrolpmp Activ- 
iiv. With evidence that the PSM amigen cDNA might encode 
NAALADase. RT-PCR was used ^^^"^^^^^"'^V ^^^^^^ 
cDNA (PSMA2) containing the putative 2250-base PSM OP^^ 
readinc frame jas the original reagent (27) was unavaUablc due 
to patent application]. Cells not expressing NAALADase were 
transiently transfected with the PSMA2 ^NA and assayed fo 
NAALADase activity. As shown in Fig- J, the PC3 line wa. 
successfully transfcctcd with both calcium phosphate- 
mediated and liposomc-mcdiated methods a"^^«J[^°?f J^,!^*^ ' 
quisqualic acid-sensitive NAAG hydrolysis. TlieDU 145 me 
also demonstrated quisqualic acid-scnsitivc NAAG hydrolysis 
after transfection with the calcium phosphate-mediated 
method. In addition, the observed NAAG-hydrolyzing activity 
was sensitive to the competitive NAALADase-inhibitor 
fi-NAAG providing further evidence for its similarity to the 
activity that had originally been characterized in ^^t brain 
Mock-transfected and control (PcDNA3-chloramphenicol 
acetvltransferase)-transfected cells were NAALADase- 
negative, ruling out induction of the enzyme by the translec- 
tion procedure. . . „ j 

Sequence Analysis of ihe PSM cDNA wiib Regard lo 
NAALADase Activity. After it had been determined that the 
PSM cDNA encoded NAALADase, the cDNA and predicted 
amino acid sequences were examined for sequence similarities 
and structural characteristics that might be informative about 
the enzvmatic activity of PSM. As had been reported by Israeli 
ei ai (27). PSM appears to be a type 11 integral membrane 
protein, wiih a hydrophobic stretch of amino acids at positions 

Table 1. NAALADase activity in prostatic carcinoma cell lines 
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20-43 consisting of a putative membrane-spanning domain 
and three nrginine residues at positions 16, 17. and 19 puta- 
lively serving as a basic cylosolic anchor. The predicted 
molecular mass of the PSM polypeptide is 84,000 Da. similar 
to the size of the deglycosylated rat brain NAALADase as 
determined bv V/estem analysis after preireaimcnt of bram 
homogenatcs'with endogiycosidasc F (R.E.C, unpublished 
data) Further, potential sites of N-Hnked glycosylation occur 
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M nine positions in the puiJiive cxtiaccllular domain of the 
proicin. With regard lo potential mechanismi= tor leguUmni: 
NAALADasc activity vis posttransiaiionul modification, a 
protein kinase C consensus site (31, 32) resides at Thr-]4. 
within the short putative imrocciluiar domain. W.th respect to , 
the hydroWtic mechanism of NAALADase. the predicted 
amino acid'PSM sequence was compared with those of other 
pepiidnsc, but no functionally relevant similarities were found 
(33.34). 

DISCUSSION 
PSM 1^ a NAALADase Enivme. The search for NAAG- 
hvdrolvzing enzymes in the rat brain led to the discovery and 
characterization of the quisqualic acid-sensitive, h.gh-affinity. 
and high specific activity enzyme termed J;^^^^^;^^^/. .^^^^^^^ 
24) As the transient ui^nsfcciion studies show, PSM exhibiis 
important cnzvmaiic characteristics of NAALADase as de- 
fined bv the criterion of quisqualic acid-sensitive NAAG 
hvdrolvsis. Thus, our interest in NAAl^Dase in the nervous 
svstcm' has led us lo discover a previously uncharacicnzed 
biochemical activity of this prostate cancer marker. Intcrest- 
incly, a number of 'hydrolases have been identified as cancer 
marker anticens. including another prostate cancer marker, 
the prosiaie-specific antigen, which is a serme protease (j5}, 
and another brain peptidase, enkephalinasc A, ^^.ch was 
identified independently as the common acute lymphoblastic 
leukemia antigen (CALUA) (36. 37). 

PSM was originally identified because iis expression ap- 
peared to be restricted almost exclusively to prostatic epithelial 
cells in human tissues as determined by immunohistochcmisiry 
with the monoclonal antibody 7En-C5 in human tissues (30). 
The antigen is expressed in both normal and neoplastic 
prostate cells and in prostatic tumor metastases. Whereas 
other marker antigens for prostatic carcinoma such as prostatic 
acid phosphatase and the prostate-specific antigen se- 
creted proteins, PSM is an integral membrane protein. Thus 
it is currcntlv ijndcr investigation as a target for imaging and 
as a receptor for cytotoxic targeting modalities (3a, Jy)- 
RT-PCR assays for PSM have also been examined for potential 
utility in the detection of hematogenous micromet astatic pro- 
state cells (40). . ^ -11, 
The idemification of PSM as NAALADase was original ly 
surprismc to us, given the original descriptions of the highly 
restricted cellular expression of PSM (30). Later reports, 
however revealed that low immunoreactivity levels to the 
7E11.C5 antibody and its derivative CYT-356 (37, 38) atid/or 
mRNA*^ detected by RNasc protection assays using PSM- 
derived probes (4]) were found in nonprostatic human tissues, 
includine brain. A significant discrepancy nonetheless remains 
between^the restricted pattern of expression of PSM in >^"rnan 
tissues as detected bv the aforementioned methods and the 
distribution of NAALADase in rat tissues including brain, 
kidney sexual oreans and peripheral nerves as determined by 
radioenzymatic a^ssay (13, 14, 20, 22), and immunodetection 
with anti-NAAl^Dase antisera (20-22, 42). The poor corre- 
^ndences between the distribution of PSM and rat N AALA- 
Dase may reflect the existence of multiple NAALADase 
isoforms, some of which are not reactive to the available 
detection reaeents for human PSM. AUernaiively. there may 
be a specics-r'^elated difference in NAALADase expression. 

The identification of the NAALADase activity of PSM has 
potential impact on the study of its role in prostate biology and 
nrosiatic neoplasms. Given the localization of this enzyme to 
riandular epithelial cells, PSM may play a role in the local 
livdrolvsis of peptides in prostatic fluid. Further. PSM may be 
responsible lor the Generation of extracellular glutamate in this 
compartment, as giuinmatc is known to be present in semmai 
■fluid (43) ^^'^^elhcr NAAG or other potential .sub.Mratc^ !or 
the enzvme mav serve as glutamate precursors in this system 
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remains to be determined. Additionally, the marked increase 
in the expression of PSM in malignant prostatic tumors raise^. 
the question of whether this cell-surface peptidase may play ;i 
role in the transfer mation of prostatic epithelial cells oi in their 
ability to metastasize. 

NAALADase: A Mtmbranc Ncuropcptide-Catabolizing Hy- 
drolase. The identification of PSM as a NAALADase cnzymt 
makes its corresponding cDNA the only NAALADase clone to 
have been characterized. The unique pharmacology and tissue 
distribution of NAALADase indicate that it is a novel member 
of the membrane hydrolase family (13). The hydrolysis ol 
NAAG by NAALADase in brain membranes is inhibited at 
least 909b by the general metalloprotease inhibitor o- 
phcnanthroline and divalent metal chelators EGTA and 
EDTA. Conversely, its activity is increased by supplementation 
of divalent metal cations (13. 20, 44). Further, NAALADase 
is not inhibited by general serine or activated carboxyl protease 
inhibitors or by thiol-modifying reagents (13). These findirigs 
led us to the' hypoihcsif. that NAALADase was a metal- 
lopcptidase. Given that we are unable to identify significant 
sequence similarities between NAALADase and mcial- 
lopcptidascs that have been previously cloned and sequenced 
(34), however, a definitive mechanistic categorization of the 
enzyme will require further study. 

Analysis of the translated PSM cDNA sequence yields 
information about the sirucltural elements of one form of the 
NAALADase enzyme. Thc| predicted general structure com^ 
posed of a short intracellular domain, a single transmembrane 
element, and a large globular extracellular domain is common 
among riicmbranc hydrolases (45). Multiple potential N-linked 
glycosvlaiion sites account for the native antigen's high car- 
bohydrate content. Also, the protein kinase C consensus site 
atThr-14 identifies one possible mechanism for the regulation 
of NAALADase activity. Interestingly, the arachidonic acid 
metabolite 32(5)-hydroxyeicosatetracnoic acid has been found 
to enhance the moiiUty and invasiveness of rat prostate AT2.] 
tumor cells via activation of protein kinase C o (46). ^^her 
considered together with our results, this raises the possibility 
that the regulation of the enzymatic activity of PSM by protein 
kinase C miehi increase the metastatic potential of prostatic 
tumors. As reported by Israeli et ai (27), the region of the PSM 
cDNA from ni 1511-1961 (as denoted in the GcnBank se- 
quence) is 54% identical at the nucleic acid level to the human 
transferrin receptor cDNA. It is unlikely that transferrin is a 
required component of the active NAALADase holoenzyme, 
however, because NAALADase activity appears to be repre- 
sented by a single protein band in both nondenaturing and 
denaturing polyacrylamidc electrophoresis gels (20). 

Synaptic hydrolases play a critical role in modifying the 
action of signaling molecules in the nervous system. For 
example, ATP released from synaptic vesicles may either 
activate members of the P class of purincrgic receptors or may 
be hydrolyzed locally to adenosine, which activates purinergic 
receptors of the A type (47). By analogy, we envision a similar 
role for N A A LADase in the disposition of NAAG in which the 
intact dipepiide could bind to NAAG-sensilive receptors or. 
through the action of NAALADase, NAAG could serve as a 
source of svnaptic glutamate. Whether intact NAAG or glu- 
tamate derived from NAAG would be the active species at a 
given synapse would depend on the lype(s) of receptors 
present and the expression of NAALADase activity therein. In 
such a dual model, the regulation of NAALADase activity 
could be the fulcrum deierminirig whether NAAG- or gluta- 
male-mediated activity would predominate after NAAG re- 
lease. In addition to serving this proposed function at neuronal 
synapses in the central nervous system, regulation of NAAG- 
and/or slutamate-mediaied signaling by NAALADase may 
extend to other tisMies where it is known to be expressed, such 
as in the neuromu.scular junction (42) or the prostate eland 
(30). 



Neurobiology; Curler et uL 



Pruc. Nfiii Acad. Sci USA 93 (J996) 15?_ 



Implicaiions for Fuiurc Studies of Nervous Svsiem and 
Projiaie Bidlogy. Ideniificaiion of an cnzymiiiic activity U)r 
PSM will faciliiatc the characterization of its rolc(ij) in normal 
and malignant prosiaie cell function and further address il^ 
uiilitv as a prostjite cancer marker and targeting functionality. 
The discovery of a NA ALADase-encoding cDNA has resulted 
in the identification and beginning of the molecular charoc- 
lerizaiion of what appears to be a family of NAA LADase-like 
species. Additionally, the cDNA provides a genetic too! for 
studying NAALADase expression at the transcriptional level, 
which will be particularly useful in determining its cellular 
distribution in the complex networks of closely apposed cells 
in nervous tissue. 

In the broader coniexi of excitatory neurotransmission, the 
characterization of NAALADase is a crucial step in under- 
standing the disposition of NAAG and the role this neuropep- 
tide may play in glutamatergic signaling. Moreover, the ob- 
servation that dysregulalion of glutamaie, NAAG, and 
NAALADase/PSM occurs in a variety of human disorders i< 
substantial evidence thai further study of NAALADase may 
have important clinical applications both within and beyond 
the nervous sysceni. 

Wc th;mk Dr. Rachael Ncvc for providing the cDNA library used 
to isolate the W6 clone and arc grateful to Drs. Ncvc. Chiisiint 
Konradi, Steven Hyman. Urs Bcrgcr, Joseph Pcarlbcig, MaihewEnna, 
and Lila Hamill lor lechnical advice and assistance. This icseaich waf 
fupponed by National Insiiiuies of Health Grant MH-57290] and a 
National Alliance lor Research on Schi20phTcnia and Depression 
Senior InvcsiipaiOf Award to J.T.C. 
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Jejunal folvlpolv-y-glutamate carboxjT>eptidase hy- 
drolyzcs djeiar%' folates prior to their intestjual absorp- 
tion. The complete folylpoly-y-glutomate carboxypepti- 
dase cDNA was isolated from a pig jejunal cDNA ]ibrar>' 
using an amplified homologous probe incorporating 
primer sequences from prostate speciHc membrane an- 
ligen, a protein capable of folate hydrolysis. The cDNA 
encodes a 753. amino acid polypeptide homologous to 
prostate-specific membrane antigen and rat brain A- 
acetylated a-linked acidic dipeptidase. PC3 transfectant 
membranes exhibited activities of folylpoly-y-car- 
boxyT)eptidase and A'-acetylated o-linltcd acidic dipepti- 
dase. while immunoblots using monoclonal antibody to 
native folvlpolv-Tglutaroate carboxypeptidase identi- 
fied a glvcoprotein at 120 lODa and a polypeptide at 84 
kDa The kinetics of native folylpoly-T-carboxypepti- 
dase were expressed in membranes of PCS cells trans- 
fected with either pig folylpoly-y-carboxypeptidase or 
human prostate-specific membrane antigen, ^olylpoly- 
y-carboxypeptidase transcripts were identified at 2.8 lu- 
lobase pairs in human and pig jejunum, human, and rat 
brain, and human prostate cancer U^CaP cells., Thus, 
pig folvlpolv-y-carboxypeptidase, rat N-acetylated 
o-linked' acidic dipeptidase, and human prostate-spe- 
cific membrane antigen appear to represent varied ex- 
pressions of the same gene in different species and tis- 
cues. The discovery of the jejunal folylpoly-y- 
carboxyT-eptidase gene proA-ides a framework for future 
studies on relationships among these proteins and on 
the molecular regulation of intestinal folate absorption. 



Dietaiy folates, a heterogeneous mixture of folylpoly-y-glu- 
tamales, are absorbed by a two-stage process of progiessive 
hydrolysis at the jejunal brush border membrane followed by 
transport of monoglutamyl folate derivatives across the intes- 
tinsl mucosa (1). Previously.* our laboratory C2) purified folyl- 
poly-7-glutamBie carboxypeptidase (FGCP^ fi-om human jeju- 
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nal brush-border membranes as n zinc-activated exopeptidase 
that releases terminal glutamates sequentially and is stable at 
pH greater than 6.5. We identified « separate intracellular 
lysosomal carboxypeptidase in human jejunal mucosa thai 
cleaves folylpoly-T-gl^tamates with an endopeptidase mode of 
action at a pH optimum of 4.5 and that is distinguished from 
membranous FGCP by its complete inhibition by p-hy- 
droxymercuinbenzoate (3). Subsequent experiments detected 
the two separate folate hydrolases in intracellular and brush- 
border membrane fractions of pig jejunal mucosa, each with 
properties identical to those found in human jejunum (4). A 
monoclonal antibody Meb-3 to the purified pig jejunal brush- 
border FGCP detected a 120-kDa subunit protein that was 
localized by i mm un ore activity to the jejunal brush-border site 
of 171 i;iuo hydrolysis of folylpoly-7-elutamateE (5). 

Attempts at molecular characterization of pig jejunal FGCP 
were facilitated by the recent and serendipitous descriptions of 
the molecular propeities of two other proteins, human pros- 
tate-specific membrane antigen (PSM) and rat brain A'^-acety- 
loted^ o-linked acidic dipeptidase (NAAl^ADase). The cDNAs 
encoding these two proteins demonstrate 87% nucleotide and 
859b amino acid sequence identity (6-8) and appear to be 
homologues of the same enzyme. Previously, we (8, 9) showed 
that PCS cells trans fected with either of these cDNAs exhibit 
N-acetylaspartylglutamate (NAAG)-hydrolyzing activity chaj- 
acteristic of NAALADase. Others found that PCS cells trans- 
fected with the human PSM cDNA are capable of hydrolysis of 
folylpoly-rg^u^ama^^ ^^^^ ^ exopeptidase activity mech- 
anism similai- to that previously described for human jejunal 
FGCP t2). The discovery that the hydrolysis of both NAAG and 
folylpoly-7-glutamete can be attributed to the same molecule 
(PSM) led to the recommendation that human PSM and rat 
brain NAALADase be identified under a single lUBMB-ap- 
proved name (11), subsequently designated glutamate car- 
boxypeptidase II (GCP II; EC 3.4.17.21). 

The goals of the present study were to characterize the 
molecular structure of pig jejunal FGCP while exploring its 
potential genetic and biological similarities to human PSM and 
rat NAALADase. We found extensive molecular homology and 
overlapping catalytic capabilities among pig FGCP, human 
PSM, and rat NAALADase, consistent with the concept that 
the three proteins represent varied e\-pressions of the same 
gene in different species and tissues. The original discovery of 
the pig FCK:P gene provides a molecular framework for future 
studies on the biological relationships among these proteins 
and on the integration of jejunal folate hydrolysis within the 
overall process of the intestinal absorption of dietary folates. 



lose; RPC, reduced folate carrier protein; FBP. folotc-binding protein; 
Tricinc, A'.l2-hydro.\y-l.l-bis(hydroxymethyl)ethyllglycinc; bp, basi- 
poirts); kb, kilobase peirts;. 
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tlXFtRIMtNTAL PBOCEIDUREJ: 

probe for humen ectm was obtsined Irom CLONi ECH p 
rAcety...panyl-13..-^H-i,lot=.Btc ^^^^^^^^^^^^^^^^ 
(6000 Ci/mmol) were obio.ncd from N EN Life 

Fnlvl ^C:u.^l"CIGlu was availobic at a pnot p.n Irom Dr. t. Krurr, 
L° l^Tun vcT i.v f /Uabama Birn,inph.n,,. Purified nauvo p.E.c,u.a, 
^PGCP and .cnoCona, 

from our previous experiment (5). ^'P'^^^ „ .eafenu 

chased from Oxford Ci>:~J"VX o^-rtar'^os o hfr commerca, 
were obtained from Sipmo. I-isher. anc viiriu 



. and Human T.s..e-«-Fresh jejunal -^J'-^^ .r;",^;. 

inc. were obtained from market pigs wth.n 5 nr,m of 
u'rvers ty of California -Davis. CA) slaughterhouse ano "*'f 
ate /washed in icc-cold saline, frozen in l.qu.d ^''^'^"^^X^.^^Z,^- 
lire Thev were then used for the preparation of brush-border mem 

CuUute'-roUeJion .RocKviUe MD, PC3 ce„s we« rrown u^^ 
supplemented with 2 mM elutam.ne, 10% fetal • ■ 

"t' r;:tii"es?rrm.5rnrm.penicilUnG and50^^^^^ 
All media reagents were obtained from Life TecWlog^e^^ 

re«ullant peptide frapments were separated on a ^ . , 

bUUed to ProBlott membranes (Applied Biosystems Foster C ty CAI 
Pcp"de sequencing foliovved E^-rV^^rJllvTlT 
identified by high ^^^^^^T^^V^^^ 

Two oeotide sequences contamed the sequence- r^^^ 
LTKELO which were 80 and 83% identical to the sequences KT^- 
Ind LTliLK in the amino acid sequence of human PEM 
The correspondi^l PSM nucleo^^ 

^^-^e^ r ^^^^^^^^ 

repon of PSM (6)^ Cons.n.c.ion ond Scrrcnmf- Approxi- 

1 » of ^oMaA RNA was prepared from pig jejunal mucosal 

c^^A h ?he FaM"? »k 2-0 P^W(A-1 RNA isolation system (Invi.rogen 
? Ubad CAM eTand wt^ ed for custom constr,.ction of a p-E j^J"-' 
^^,1 ;D^A ibrarv in izAP bv Stratagcne Cloning Systems, vuh a 
">ld o 1 J ^ 0'" plaqueTrm-ing uni.s/ml. The cDNA libror.v was 
•;l^j'JitU£am,./. 

<.creen»np methods (J*;, anu pu^i>. ^ . „^ . „_„,r,<.p dc 

iirj and tertiary screening. Following ,n u.uo excision ano .ipnro.c pel 



cicctrophoreMS. si> purified cDNA clones of different 
and 2.5 Ub were identified b.v Southern onalysi-i using the 853.bp cDN„ 

^'"cDHA Sevuencr /.„<,(y».V-Both strands Irom each clone were ^se. 
nuenced completelv by the dideoxy chain termination reaction using th. 
T3 or T7 polymc-rnsc vector primer sequences (16) nnd by pnme, walk^ 
in. u<inc eene-pecific oliponucieotide primers that were constructed 
(?om b"scr-6".^-6. 203-223, 590-606. 622-636. 946-962. 123'- 
1S26 1540 164'7-1663. and 2076-2092 (sense) and from base: 
2"-303 544-«^^^^ 1110.1115. 1456-1470, 164^1660. 

fo66:20bl and 2237-2246 (sntisense). The full cDNA sequence wa| 
confirmed independently by cycle sequencing of each clone using th. 
Ll?COR 4200 automated sequencer .Ll-COR. Lincoln. NE). Clone . 
"corporaved all sequences represented in ether, except lor «, 
additional 46 bp in the 5 -untranslated region of done 10 and 25 bp m 
"he ranslated refion of clone 4. No odditiono sequences were 

detected in the 6 -ur.translated region by rapid arnplificotion of cDNA 
end. (16). Nucleotide and amino acid sequence idenl.t.es among p.t 
FGCP human PSM (6), rat NAALADase (7. 8). and other relevant 
pro?e^;s were analysed by the BESTFIT and PILEUP pro^oms of 
ver.ion S.l of the Genetics Computer Group sequence analysis softv,ar. 

''"p^Tc'oa'l.foni'Spres.ion o/ ... Cfonecf E,.^me_A construct of 
the cDNA of FGCP was prepared by Hindlll Br,d Xbol exc.s.on from the 
ectlr foUowed bv ligation into the mammalian expression vecto, 
PCDNA3 (Invitrogen). One hundred-mm dishes of PC3 were tran^- 
?ected with 25 J of supercoiled plasmid DNA containing the cDNA of 
nip FG^P or human PSM (construct PSMA2) (9) using the calcium 
^h'osphau-medred method in^O mM H.pe. buffer. PH 7.05 «m Mock 
Transfected PCS cells served as controls. Cells were harvested -2 h 
^ost-transfection for enzymatic^ assays by scrapmg them '"to 60 m« 
T?;s-HCl buffer (pH 7 .4 at 37 -t). Membr«.es were P^'P""'' 'j!* 
tra^.fected and Control PCS c^ls by brief son.cat.on fo lowed by cen- 
. f c..7n„ (35 000 X r) for 30 min. The membrane pellets were then 
olub'u eS b' ^o^cation into 60 mM Tris-HCl plus 0.5* Triton X-100 
¥^fp otet conccnt, ation of th+ solubilized membrane w^s determmed 
uMne the enhanced protocol BCA assay (Pierce) or Bio-Rad kit. 

£Lvn%/t«i...«.>»-The hydrolysis of NAAG was measured .n pun- 
fied^g jejunal and ileal br^sh-border membranes and m tr.nsfectec 
and mock transfec.ed PCS cell membranes by rad.oeniymat.c assay 
whereb^ hydrolysis was quantilated via scintillation spectrometry of 
Pm^uumate produced fr^m radiolabeled substrate after "PBration of 
uT'tra^e and product by ion exchange chromatography (20). Assays 
w ere initiated by the addition of labeled NAAG at a concentration of 2.6 

"^Folate hydrolysis was measured in membranes from PSM and FGCP 
tran°fectants and mock transfected PCS cells using '"'y'"^ 
Glu-rl'-ClGlu and a modification (5) of the method of Krumd.eck ano 
iaueh (21) ir. which terminal l"ClGlu is. counted m a liquid scmtillo- 
fion counter after charcoal precipitation of unreacted substrate Dupl.. 
cate reactions used 12 substrate in 33 mM 

buffel containing 0.1 mM sine acetate. Initial studies evaluated pH 
dependence and the inhibitoi, effect of 0.5 mM 

loate in membranes from each cell preparation. Subsequently, k.net.c 
nro^rtie" were compared in membranes from purified p.g jejunal 
E;^X^;ders and from FGCP and PSM transfect^nts by measure- 
ment« over B range of substrate concentrations at pM 6.6. 

;r^mraofc°o'.<-Membranes from the PCS cells that were Iransfecteo 
with ^e cDNA of either human PSM or pig FGCP or that were mod, 
uansfected were solubili.ed in 0.1% Triton X-IOO. Membrane pro^em 
f^om the FGCP transfectant were deglycosylated under denaturmf 
^ondit^ons using peptide-N-|lycosid.s. F according 
er s protocol. Solubilired membrane proteins and a sam^ple of P.""f'~ 
native pig jejunal brush-border FGCP (5) were elecUophoresed m par- 
aUel on SDS-polyacrylamide gels (22). followed by transfer to poly- 
Wnvhdene difluoride membranes (Millipore Corp., Mar borough NlAl^ 
Protein bands were identified using the monoclonal antibody Mab-3 to 
The purified n.ntive pig FGCP (5) followed by VV"" ^°ad) '^1^. 

mouse antibody conjugated with alkaline phosphatase 'B'o R'd). T^^;^ 
authenticity of Mab-3 immunoreactivity was proven P^7°«'> '"'^^^^^^ 
obihty to immunoprecipitate the 120.kDa subun.t of ''GCP from soW- 
bilized pig jejunal brush-border membranes and to localize FGCP m pif 
intestine immunohistpchcmically (5). i sCaP 

Northern Biols— Total RNA was extracted from ral brain. l..Nt,81 
colU and pig and human jejunal mucosa (13). P"}.-'^-) 
prepared from pig liver and kidney and duooenal, J'J"""'-^"^ 
mucosa .16). Huma:l br.in PO'-^IA" > RNA -as obtained from CLO)^- 
TECH Inc. (Pnlo Alto, CA). A 2.4-kb Eopl-Nnel frapmcnt of FGCP wa. 



c-'.cccc<rrcc cc^czcccc 

T7 CAC CAA ACC CAC 
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^, TT-^^t-j t-rCC n*>CTCA-A ACCCCCCCAC CACAOCCOCC AACTCTCIAC C-'.C( 
J^cT,C^« ^^^C»C cir^CCCC CC.C,C.CXC CC.CX, .TC TCC ^^C CCC 

,CC .CC C,C CCC ~ «C CCC CCC CCC ^ C ^ ,CC CC, CCC CCC CTC CT. CTC CCC CCC CCC C,C ^ CTC 

CC CCC ^C CTC TTC CC. ^ T^^^;' - T T ^ T 'c'; 

OCX rr, ™ CM. c«: T.C cc. cc mc .tv »c .c, t,c t,. txt .cc ccc ... cc. c.t r,. 

jtArL Dtt lt' tf'-.-- 

cc. cc. .c. c^ c« »c Tj, c.c cc. ..c c^ .T. c« ,r, c.c c« rr, ccc c« c.T ,c, cr, 

clc ccc J, L CM 4 T T "/ T "•■ 

CM cl »7 cl L L ».C T.. cc, cc, CC, CC. ,M C» .M C^ ,C. CM Cr, CTC 

cL L L L ccc T^ T^ cc. C« cc. .,C cc. CC, C.C CTC CTC T.T CTC .« T.T CC, CC. .CC C« 

C.C TTC ^ c«= CC. C.C .TC ^^. .,c ,cc tc, ^ ^ r,c MC c« .c. tm ccc .t, 

L ccc cc CTC ccc, C^ CCC C« .TC .-r, T^ T« TC. C.C CCT CC, O^T 

,.C TTT CC, CC, COC CTC C« «C TM CCC C., CCT TCC ..T CT, CCT OC. « «T CT, C^ CC, 
L L cl L C^ cL Jc CM C« CTC .C. CCC CC, T.C CC. CC. X., C« T.C CO T.C ^ CT, 
«. C.C «T C^ CT, CC. .» .TT CCT CT, C.T CCC - - ^ "J T T T ^ V. 

L cIt tIc cc. ccc cc. cm C.C «, TCC ^ CC. «T CTC CM «C CCT T.C «T CTC CC, CCT OCT TT, ... 

L <^ "„c T^ 4 T T r T T T T ^ =7 ^ T T 

.1 cL c^ »^ 4 T T T T "=t* '"c* T ir T T '7 T 

cJt cl .TT c^c CO cl .It cc. cc. CCT CTC ct: C.T - - - - - T T T T ^ 

c1.tJc.CC ccc «. «. .C. CTT TT. TT, CC. .CC TCC C.T CC. C« C« T.T CCT C;^: TT, CC, TCC 

L L L L L tJc .c. .tc cr, c« c« CO co c« co tm .t, »t cct cm ^ rc, .T. c^ o« 

1 t'c .CT cL .1 C^ c!t tIt .cc ccc CTC .TC T.C «C O. CTC T.C ..C C,. XC. «C CC CTC C„ .CT 

^ , rT-r TTT tA^: ACC to: AX-r CAA AAA KTT CCT TCA CCT CAA TTC ACT OCZ 

Cri CAT CAA CCC TTT CA* CCC AAA TCT rrr TTT CA^ ACC ^ ^ ^ ^ ^ ^ ^ ^ 

fDtcrCCKSLf tSVf.-^ 

TTC CCC - - - - - «' T T T T ^ T T ^ T T T '7 'V 

.L C^C cL TM .O 1 CM L CT. .CC ^C ^ 'f'^ T T T 

HAFYTRDWVT.H 

^ - ^ iM- -r*- CAT CTT CCT CTC GCC CAC CTT CCA CCA CCA ATT 

TAT CAA TTA CTC CAA A^C TTT TAT CAC CCA ACT TTT A^ TA. CAT CTT CCT CIT. ^ ^ ^ ^ ^ ^ ^ 
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nurified and "P-Ubeled for subsequent probing of Northern blotE. Pig 
t"s oe samples were also probed with a -»P-labeled fxagmcnt of humar. 
e™DNA a. a positive fntemal control. Aaer electrophoretK separ.- 
ioTu. 1 2?i, agarose. 2.2 m formaldehyde gels and transfer to nyio 
membranes (Schleicher & SchueU). RNA ^P^-«. -'"\»°;^?,\^^23) 
hybridisation to cDNA probes as detected autoradiograph.calb (23, 

RESULTS 

Molecular Sequence of Pig Jejunal ^OCP-Jhc ^o-plete 
cleotidc and deduced amisyo acid sequences of the cDNA of pig 
FGCP are shov^ in Fig. 1- The deduced amino s^^^.^^^^;^^ 
KJL1ARYGK3F and MYSLVYNLTKELQ correspond -^^^^ l^^ 
and 85% identities to two amino acid sequences ^LIAR- 
YGKIF and MYILV^'GLTKELQ. that were identified m the 
peptide digest of the native purified enzyme T^e complete 
cDNA of FGCP is composed of 2532 bases: 146 in the 5- ■ 
untranslated region, 2253 in the open reading ^^^^^V^^^^" 
code 751 amino acids, and 133 in the S'-untranslated region_ 
The nucleotide and deduced amino acid sequences ofpHj^^^ 
Zre compared with those of human PSM (6) and rat NAA^^ 
Dase (7 8). Within the open reading frame, the nucleotiae 
rdentities between pig FGCP and human and rat b.a,n 

NAALADase were 86 and 83% respectively, J^^^^^^"^^ 
veo' little similarity in the S'-untranslated region. The ammo 
aci^ sequence of pig FGCP was 92% similar and 91% identica 
to that of human VSM and was 67% similar and 83% mentica 
to that of rat NAALADase (Table I). Structural comparisons 
followed the recent Rawlings and Barrett ^^^^^f^^^ human 
PSM and rat NAALADase (U). The Kne and Doohttle hyarop- 
athy plot (24) of pig jejunal FGCP was identical ^o lho.e oi 
hum^ PSM and rat NAALADase and typifies a type II protein 
that conserves a short N-terminal cytoplasmic region and ^a 
single hydrophobic transmembrane between residues Trp^ 
and Ile"^ Like human PSM and rat NAAlADase, pig FGCP 
lacks an N-terminal signal sequence but contains positively 
charged residues at the N-terminal side of the transmembrane 
domfin that are characteristic of type II membrane proteins 
(25) while the remainder of the molecule containing the cata- 
lytic domain occupies an extracellular site. The putative cata- 
l^ic domam of human PSM and rat NAALADase - -nse-^^^^ 
in FGCP between residues. 275 and 588. TVeWe NA(S/r) po- 
■ tential glvcosvlation sites occur at Asn positions 51 ^'^^^^^ 
141 154 'l96,"337. 460. 477, 614. 639. and 646, of which 10 are 
con;e^ed bv human PSM and mne by rat NAAlADase Five 
putative catalytic zinc binding residues "".L'^^v ,h iTihe 
" . n-:*. > __,36f Glu*^*^, Asp^ , and HiE^ . withm the 



lions His^"^, Asp , , --»- - 

proposed specificity pocket, four positively chargea resioues are 
conscr^'edatATg--^Lys^«^Arr^^^andLys^ . 

Homologies with Other Peieuant Protems^Th^ BESTh i J 
computer program was used to analyze regional ammo acio 



cequcncc homologies between pig FGCP and selected structur- 
ally and functionally related proteins (Tableil). In addition to 
extensive sequence similarities and identities among FGCP. 
PSM, and NAALADase, FGCP exhibited similarities with 
three other M28 family members; human transferrin receptor 
(26) and aminopeptidases from Vibrio proteolyticus <21) and 
Streptomyces griseus (28). Hat 1100, 8 recently characterized 
ileal peptidase with type II structure (29), also shares extensive 
amino acid similarity u-ith FGCP, whereas there was less se- 
quence similarity between F|GCP and human dipepUdyl pepti- 
dase J\\ an enzyme that appears to be functionally related to 
noo (30). The PILEUP program was used to clarify amino acid 
alignments within the putative catalytic regions of FGCP, rat 
ileal 1100 (29), and human dipeptidyl peptidase IV (30). All five 
putative catalytic zinc binding residues (11) were conserved 
between pig jejunal FGCP and rat ileal 1100 at His"^. Asp^^, 
Glu*^*. Asp*^". and His***, while only one zinc binding residue 
at Glu*^* was conserved in dipeptidyl peptidase TV, Among the 
putative substrate binding basic amino acids (11) that were 
conserved in FGCP, PSM. and NAAlADase, only Arg**^ was 
conserved in 1100. and only Arg^^T consei^ed in dipeptidyl 
peptidase IV. Several amino acids typical of a serine car- 
boxypeptidase mechanism (29) were conserved further down- 
stream, including Ser^^ in all three proteins and Asp"' and 
His®^ in FGCP and HOC. Structural similarities between 
FCiCP and selected other proteins relevant to folate hydrolysis 
and transport were also investigated. Human glutamate hy- 
drolase (an intracellular peptidase capable of folylpoly-y-eluta- 
mate hvdrolysis (31)) and two proteins involved in the trans- 
port of monoglutamyl folates (the mouse reduced folate earner 
protein (RFC) (32) and pig folate-binding protein (FBP) (33)) 
showed only weak similarities to short regions at the N- or 
C-ierminal ends outside of the catalytic region of FGCP. 

Enzyme Activities^As depicted in Fig. 2. NAALADase-spe- 
cific activity was 16-fold greater in pig jejunal bi-ush-border 
membranes than in ileal brush-border membranes. NAALA- 
Dase was abundant in membranes from PC3 cells transfected 
with the cDNA of pig jejunal FGCP but was absent from control 
PC3 cells. Previously characterized inhibitors (9, 20) nearly 
elimu:iaied NAALADase activity in jejunal bj-ush-border mem- 
branes and in FCX^P transfectant membranes but had minimal 
effect on NAALADase activity in ileal brush-border membranes. 

As depicted in Fig, 3 Ueft panel). FGCP activity in PCS 
transfectant membranes was maximal at pH 6.5 and was not 
inhibited by the addition of p-hydroxymercuribenzoatc to the 
reaction mixture. FGCP acti^^ly with an identical pH profile 
and lack of p-hvdToxvmercuribcniODte inhibition was found in 
PCS cells transfected .with the cDNA of PSM (not shov^Ti). By 
contrast, folate hydrolysis was much less in membranes of 
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n^ock transfectedPCS cells and exhibited 8 diff^rentopUraal 
pH 4 5 with complete ii^bit.on by p-hydTOX>-mercunb.nzo3te^ 
The kinetic characteristics of FGCP activUy were comparea in 
membranes from FGCP and PSM transfectants and m punfied 
pig Jejunal b.-ush borders. As shown in Fig. 3 ^-"//^^fj 
c^mmarized in Table 11, and V_ values were ^^^n^^^^^^"/^ 
three samples and ^vere consistent with the kH.et,c profile of 
Durified pig jejunal brush-border FGCP (4). 
Tmlnob/U-Fig. 4 compares . 
the monoclonal antibody Mab-3 (5) w.th P^^^?;^ 
FGCP with pig FGCP transfectanl membranes before and 
tVeTtmen ^ith peptide-N-degWcosidase F. and w.th hu- 
man PSM transfectant membranes. Mab-3 detected the native 
FGCP and the pig FGCP transfectant glycoprotein at the 
fd nu^afs^e' ^^20^ kDa and detected ^l^^^^^f^^^^ 
polypeptide at 84 kDa but did not react with the human PSM 
trSctant membranes or with mock transfected contiol 

"l^orr" B2ors-The cDNA of pig FGCP showed a strong 
hySatlon signal at 2.8 kb in pig duodenum and jejunum 
a^d a faint signal in pig kidney, while no signal d^^-^^.^^^ 
pig liver or ileum (Fig. 5). A band of similar size -^^^/^^^^^jf, 

in RNA extracts from pig and >^^"^^ ^^^V^^^ ^of 
live actin signal was present in all sarnples. Several ba^d^ of 
hybridization appeared in RNA samples from ^^J?^"^^^ 
brain and the LNCaP prostate carcinoma ^^ly^'^'^X . 
Bands of roughly equal intensity were obsei-ved in rat brain at 
approximately 3.9. 2.95. and 2.8 kb. while a P^^^^^^m^ 
cies of 2.8 kb was found in human brain and in the human 
LNCaP prostate cancer cell line. 

DISCUSSION 

The present study has achieved the original molecular char- 
ac^-^alL of FGCP from pig jejunal mucosa, ^he -them^^^^^^^ 
of the pig FGCP cDNA sequence and its specific functional 
ol^rL^on was established by (a) the incorporation of two 
na^ ve peptide sequences into the deduced amino acid sequence 
TFig 1) (6) the reproduction of the actixaty profile and kjnetics 
Lf^Ltive pig FGCP .2. 4) in FGCP --^^^^-^ ^^^^^^^ 
(Fi£ 3) tc) the immunoblot identification of ^^t,^*",/^ ^ 
St bv monoclonal antibody to native pig FGCP at the loen 
lical l2b-kBa molecular size of the purified native enzyme (Rcf. 
5 F g 4) and identification of the ceglycosyiated polypeptice at 
the L-kDa molecular size predicted by the amino acid se- 



quence (Fig. 1). and (d) the identification of FGCP transcripts 
at 2 8 kb in pig jejunal mucosa and their absence m pig ilea] 
inucoce (Fig. 5). consistent with the established intestinal dis- 
tribution of the activity and immiinoreactivity of the native 
enzvme (6). The additional presence of similar FGCP tran- 
scripts in pig and human jejuna] mucosa CFig. 5) suggests that 
Ihe same gene expresses FGCP in human and pig jejunal 
brush-border membranes (2. 5). ' , r 

The present experiments complete a circle of evidence for 
extensive molecular homologies among pig FGCP. human 
PSM and rat NAALj^Dase. The findings of83-919b amino acid 
.eauence identities between pig F<X;P and each of the other 
Sequences (Fig. 1; Table 1) is in keeping ^nth prior reports on 
ihe extensive amino acid identities between human PSM and 
rat NAALADase (6-9. U) and is consistent with the concept 
that all three proteins represent species-specific homologues of 
the -^ame gene. While the amino acid sequence of each protein 
predicts a polypeptide molecular size of 84 kDa (Fig. 1; Refs. 
6-8) the presence of 12 glycosylation sites accounts for the 
ereater 120-kDa molecular size of native (5) or transfectant 
FGCP (Fig 4) compared v^rith the reported molecular sizes of 
100 kDa for PSM with 10 glycosylation sites (6) 
for NAALADase with nine glycosylation sites (7. 8, 34XWhile 
the epitope for our monoclonal antibody to native pig F<5CP is 
unknown, incomplete amino acid sequence identities and de- 
ferences in glycosylation between pig FGCP and human PSM 
could account for the lack of antibody cross-reactivity ^^^th PSM 
in transfectant membranes (Fig. 4). Prior findings of NAALA- 
Dase transcripts at 2.8 kb m rat kidney (7, 8) are extended by 
the detection of a weak FGCP hybridization signal at 2 8 kb in 
pig kidney poly(A-) RNA (Fig. 5). while the prior findings of 
PSM-like transcripts and iramunoreactivity in human small 
inienine (35^7) ai-e complemented by the detection of the 
FGCP hybridization signal at 2.8 kb in pig duooenal and jeju- 
nal poMA") RNA and in human jejunal RNA (Fig. 5). The 
tissue distribution and predominant size of PGCP-like tran- 
scripts in rat and human brain and LNCaP cells (Fig. 6) is 
similar to other descriptions of the distribution and sizes of 
PSM and NAALADase transcripts in these tissues (6-9. 38). 
The prex-ious finding of NAAU^Dase activity in membranes of 
LNCaP cells and PSM transfectants (9) is complemented by 
finding NAALADase activity in pig jejunal brush-border mem- 
branes and in FGCP transfectant membranes (Fig. 2). The 
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, 1. u mock irauefected PC3 ceUs, aad PC3 ceUs 

^ . T- 1 . v,.Mr«lv«is bv membrsues from native pig jcjiiuaJ ^'^f ^^J^,^.!; ™e folvl-rGlu.-rr-ClGlu in 33 mM 3.3-dimethyl. 

Ih^htcDNA of FGCP or PSM. React.on mbcturee conMStec of 12 ^^^^"^/^fl'^^.^f bufler pH on folaU hydrolysis 

b™.h.i::.rdt m:m\r.^es?rF^^^ compared „^ Table 11. 

TABLt Jl 

FGCi= *.n,l.« in n«<.w pif ""d <ran./irrcn« cell membmnc.. 
A .ummao- of <.cti.-ity conslaiiu (K„) «.d f"'"',? PC3 cell 

.ransfected w,th the 'DNA of FGCP ^ ,biji„ed Irom 

shown in Fig. 6- ■ 



Source 








nnxol ' ' 


Pig jejunal brush border membrane 
FGCP iransfecUnt membrane 
PSM transfectant membrane 
Purified pig jejunal FGCP (4) 


3.9 
5.B 
1.4 
3.7 


336 

866 
152 
540 


kD 12 3 


4 


5 



y.c 5 NortberB bybridiaation of "P-Ubcled pig FGCP cDNA 
««d bu^anTTc^ to pig and buioan tissue*. Left panel, a band of 
hvbodT.Mlon^r 2Tkb waf prominent in poly^A; ) RNA from p,| duo- 
den^l and jejunal mucosa Hones 3 and 4). present m kidney ('one 2). and 
absent from liver Uane J) and ileal ' ^g^A 

of hybridization of similar intensities were found at 2 6 kb in total R^TA 
?roni pig ticn. 3) and human jejunal mucosa Uane 2). Control hybnd- 
iistion to ectin is shown at 2.0 kb. 



kb 



1 



120 — 
g4 — 



3S 



P.c' 4. W-oblots sbowi.. -^^^^^^^^^^^^^ l^eTbrr P^o: 
tibody to native pig FGCP (5) ^^^/J^J'"*" g^ded lo each 

teins. Seven of ^°l"bili2ed membrane protem w^ 
lane. An identical protein band was '^^''^'^^^^l^Xl fbrP transfec- 
native pig FGCP Uone 1) and in at 

UamfectanTs Uone 4) nnd mock transfecied PC3 cells Uane 5). 

Observation that m.n.branes of LNCaP ceUs or PSM tra^sfec- 
tant. were capable of progressive hydrolysis of folylpoly-rgl^- 
:^.;tes (ions confirn^ed and extended by fbjdu.g --^--^ 
tical k.netic properties of puHficd "-^ive FGCP m FGCP 
PSM transfcciant membranes (Fig. 3; iaoie n). 

A recTnt analysis classified h.n.an prostate PSM and rat 
\r^n l^^L as GCP II, a single t^e y^<;^;^^ 
member of the M28 fannly of peptidases ^^^^^ f^^^J.^^^ 
The eKlensive an^inc acid identities, common structuial motil., 



F.c 6. Northern hybridization of "POabeJed pig FGCP cDNA 
. I ««d orostate RNAs. Samples contained different amounts of 
^tal^A^n r'Tt br'^in (10 mg) and^NCaP cells (5 mg) and pob-<A-) 
^A Cfhumon brain (2 mg). A longer exposure was required to develop 
{he .iJiiaUrom rat brain. Bands of hybridization were obsen^ed m rat 
brain RNA at 3.9. 2.96. and 2.8 kb ./one J). A predommant hybridiza- 
tion si^aT appeared at 2.E kb in LNCaP cell RNA Uane 2) and in human 
brain poly(A*) RNA Uant 3). 

a^^d conservation of the identical five co-catalytic zinc -binding 
amino acids and four putative substrate binding basic amino 
acid- -u^^gest that FGCP derives h orn the pig homologue of the 
GCP ll^gene (Fig D. GCP 11 and two prototypical bactenal 
aminopeptidases V. proteolyticus (27) and £. gnseus (28) are 
members of the M26 peptidase family by virtue of homologous 
catahaic domains, which appear, lo bind t^^'o co-catalytic zmc 
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atom. (U 39). The threo-dimcnMonal 5lructuri.l ai^alysiE of V. 

c.fBW 'pocif.ciiy pocket, which .5 composed of b«s.c emmo 
ocid^in pIm and NAALADasc IH, 27). The loc. of the human 
PSM ge- a second similar sequence have been ound on 
h^m J. chromosome H (40. .1). Othe« -c-^'>- --"^o^"^^^; 
other typo 11 ileal brush-border '--"^''^^^ P'"^^"^;^";!^;^ 
.hares 60 and 59% sequence ident.Ues v>nlh rat ^AAI-AD"^ 
■a^rh.man PSM (29). of which the human ^^^^ 
tKp "^pcond locus on chromosome U. UUU exnioii.. 

St dLc associated with the apical bn>sh border of .n«s na 
epUhelial cells (29, 30). These relal.onsh.ps Pro^J>'^^°^' 
uBtion of potential structural similanUes 

J J • neniidase IV The conservation of all five zinc- 

Ltl^l ^echanis^. On the ot>^- ^^^^^^ f ~ sK 
tiol serine carboxypeptidase mechanism (29) is suggestea . 

Actions m^y reflect tissue differences in availabU subst^au^ 
.ince NAAG is concentrated at neuronal synapses (8). wm e 
WWpoly^-glutamates are concentrated as dietary component^ 
at Ji^bru'sh-border surface of the p.-o»mal small ^^^^'^^^^ 
T^e r.™sent study offers molecular clarity to the mechanism 

h^sh-border membrLe fractions (2, 4) and that was local,«d 
L the^ie to the jejunal brush-border membrane and was 
r,cluderLm the iVal brush-border membrane by^the mono, 
clonal antibody Mab-3 to the purified enzyme (5). These obser 
.^if^re extended by the present molecular characterization 
FC^P as a tyS^Tl Protein^f the M28 peptidase family with 
a z!n^b!nding motif, for which the transcripts ^--'i. 
a zmc B intestine (Fig. 5). The findmg 

^raTffereM ^^iW.y P-file of folate hydrolysis by mode trans^ 

Thuin Ja^d pig jejunal mucosa (3. 4). The recently descnbed_ 

" moci. tr^isl^ed7c3 cell membranes (Fig^ 3) and in the 
Wsoscmal fraction of jejunal mucosa (3) may be -ttribu ed 
the recentlv described and genetically dissimilar glutamale 

^^^f;^5n?stir pr'ot^t 'a mol'iar framework for fu- 
tu^rtu'd e's on the regulation of FGCP by conditions kno..^ to 
X intestinal folate absorption and on thejelat^onsh.p c 

crrT^ tn RFC and FBP two proteins involved m membrane 
rrtfpon rn:no/utam.l folates (Table I). The cDNA 



qoence*. of mouse and human RFC have been defmed. and Us 
inte-tinel transcription and functional ciipabihty for transport 
of monoelulomvl folate in cell transfecl^nls has been provcri 
(32 43 44) T)iceliemaie receptor FBP has been characterized 
at the' molecular level m pig Uver. but its transcripts and 
actixntv a.-e absent from the jejunum (33) '^^^ P7^^^"j;i^^^^ 
chow^ that FGCP is genetically distinct from both Ki*L. ana 
VbP cmce their amino ecid sequences are mininnally repre- 
sented in FGCP (Table 1). In summary, the available data 
indicate that the intestinal absorption of dietary folylpoly-r 
Plxjtamatcs is achieved by a two-step Process of progressive 
hvdrolvsis of ^linked glutamyl residues by FGCP at the jejunal 
b^-h-border membrane, releasing folic acid and other mono- 
glutamyl folate derivatives for subsequent membrane trans- 
no rt by genetically distinct RFC. The integration of folate hy- 
drolysis bv jejunal FGCP and folic acid transport by intestinal 
RFC in the overall process of folate absorption has yet to be 
dehnec. These studies ere now feasible due to the molecular 
identification of FGCP. 
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Intracellular Pteroylpolyglutamate Hydrolase from 
Human Jejunal Mucosa 

ISOLATION AND CHARACTERIZATION* 

(Received for publicaiion. Merch 1*7, 1986) 



«,a.T Y Wane Carol J. Chandler, and Charle* H. Halfiicd^ 



h>"r"^ purSned 30- fold /ro» ii^ie^nnfl] mucosa. 
The ap%e=. n,olecuIar weigh, of the enzyme 
75 000 by SepbBdex G-200 gel filtrBUon, and the is- 
^iSc poii.rwa» Bt pH 8.0. The enzyme ^a* ma^.- 
m»«y Bctfve at pB 4.5 and «a« unstable at increafljng 
"mperaturta IntracelluJar p.eroylpolyg uta^ate hy- 
drojC cleaved both lermipal ai>d internal -y-glutarnate 
link^ In contraat. brueb-border pteroylpolygluta- 
^a.e b"droU« catalysed the hydxolyais of only «r- 
mfnal -^-glutamate linkagea. The intracellulaj^ enzyme 
Sowed greatest a/finity for the complete M>c "od 
mollcule with longer glotamate chains. Subcellular 
":cUoi..ron s.idifs showed the -t"""'^:^,^;^.^-^ 
was localized in lysosomes. These data ehow that tuc 
pr'o'pirtte-^f »ma» jejun.a intracellular P-^-y^P^^y; 
^lutVmate bydrolaae are distinct from those of the 
^rush border enzyme but are similar to i*** P^P^'*^^ 
0/ intraceJlular pteroylpolyglutamaie bydrola*e de- 
scribed in other tissues. 



Pteroylpolyglotamate hydroWs cs«ly« the hydro ysu of 
pieroylpolyglutamstes to derivatives with shorter glutamsl* 
Es These eniymes have been described .n the mtes mal 
mucoL of several different epecie.. Only the '""aceUular 
form of pteroylpolyglutamate hydrolase has been found .n the 
intestinri mucosa of most animals whereas 
enzvme have been identified in huirian and pig inUstinal 
mucosa. The first is associated ^ith the brush-boider mem- 
biane. and the second U soluble and ,n the intracello^ar 
ftacuon (I ). We recently described the purification and prop- 
erties of human brMsh-border pteroylpolyglutamate hydrolase 
snd showed that this enzyme is involved in the digestion of 
pteroylpolyglutamate. the predominant form of dietary folate 
^2). RelTtively little is known, however, about the properties 
of human intestinal intracellular pUioylpolygluUmate hydro- 
lase and iU possible role in folaU meUbolisro. Our present 
objectives wete to isolate and characterize intracellular pter- 
oylpolyglutamate hydrolase from human intestinal mucosa 
and to compare iu properties with those of the human mtes- 
tinal brush-border enzyme. These data show mst.nct proper- 
lies for each hydrola se and suggest that intracellular pUroyl- 

• Tbi. work wM .upponed by an innitutional award from BmtoJ- 
M«r« Co. and Cant. AM16330 .nd AM35-47 how the National 
Inatitoiet of Health. The coat* of publication of ihia article were 
d,/«y«J In part by the paym.nt of pa*e ch^g«. This article muat 
therefore be hereby marked '•oduef luemem .n accordance with IS 
U.S.C. Section 1734 aolely to indieaw thia fact ^ . j 

J To whom con«pondence and reprinl reqoeau »ho"Id be ed- 
drea..«J: Divi.ion Clinical Nutrition, TB 166. School of Medicmc. 
Univ. of CalilortiiB. Davia. CA 95616. 



polyglutainau hvdrolase may play a role in cellular folaU 
metabolism that is unrelated to the digestion of dietary fol- 
ates. 

EXPERIMENTAI. PROCEDURES' 
RESULTS 

' i 
Physical Properti^J— IntracellulsT pteioylpolyglui*inat* . 
hydrolase was purified 30- fold (Table 1). The apparent molec- 
uJbi weight wa5 estimated by gel fjltiation to be 75,000. The 
isoelectric point was at pH 8.0. Maiimal activity of the 
enzyme occurred at pH 4.6 (Fig. lA) and at 65 (Fig. iB). 
The enryme was unstable at 37 'C in pH 4.6 assay buffer 
alone (Fig- IC). Howevei. the linearity of the product versus 
time curve for up to 45 mi^ (Fig. ID). indicated a protective 
effect of the substrfitc at Z7 'C and ensured the validity of the 
enzyme assays. The activity of inUaceWular pUroylpolyglu- 
tamau hydrolase was unaffected by dialysis against 1 mM 
EDTA, and the addition of 100 >iM zinc acetate to the reaction 
mixture resulted in 15% irdiibition. 

Affinity for Substrate—The for PteGluj/ determined 
from a Line wee ver-Burk plot, was 1.2 >iM. Fig. 2 shows recip- 
rocal plots of PteGluo hydrolysis in the presence of varied 
concentrations of PteGlu,. This compound was a competitive 
inhibitor of the reaction, with a Ki of 0.09 obtained from 
a Tep)ot of the x inUrcepts. PteGlu, also showed similar 
inhibition cheracUristics but had lower affinity for the en- 
zyme, with a Ki of 1.2 ;iM (data not shown). The effects of 
various PteGlu„ moieties on the activity of the enzyme is 
shown in Table 11. Complete inhibition of PuGlua hydrolysis 
was observed with PteGlu, and PteGlu, at 0.1 mM. Both 
PteGlu and H^PteGlu at 0.1 mM caused a 15% inhibition and 
at 1.0 mM, a 60% inhibition. At 1 WM. pi^rinc and -i^-diglu- 
tamate showed 50 and 30% inhibition, respectively. There 
was a slight inhibition by 1 mM p-aminobenioylgluUmic acid 
and no inhibition by 1 mM glutamic acid, o-diglutamic acid, 
or a-triglutamic acid (Table 11). 

* Ponione of thip p«pe/ (including "ExperimenLa] Procedures" and 
Figs 1-5) are prcacnied in miniprint at the end of this paper. 
Miniprint \t easily read with the aid of a sundard magnifying glass. 
Full size photocopies are available from the Journal of Biological 
Cheroijrtry. 9650 Rockviile Pike. Bethead*, MD 20814. Request Doc- 
ument No. 66M.a63€. ciu the author*, and include a check ot money 
order for 45-60 per wt of pholocopie«. Full size phoiocopiea are aJ*o 
incIudiKi in the microfilm edition of the Journal that i» available from 
Waverly Preae. ^ , 

'The abbrevietione uaed are: PuGlua. pt^royltnglutamK acid; 
PwGlu,. pvexoylheptaFiotamic acid; PteGlu. folic acid; PteGJua. pier- 
oyidigiu'taxQic acid; Ji.PleGlu, tetrahydropleroylgluUjDic acid; Pw- 
Glu pieiovlpolypiutamic acid; PteGlu, l*'C]giu, pKroyldigiuta- 
inylp*Clplutamic acid; PuGlu,|»*ClgluLeu,. pt«royldigluLajDyIf'*Ci 
gJutAiDvJdileucine; HPLC, high pieaeure liquid chromatoprephy. 
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Hunuxn Jejunal Intracellular Pteroyipclyglutamate Hydrolase 



Procedure 



Table 1 

n uri/ura/ion of introceUular pLervylpoiyfiuUimaU hycroi^ 

■ Toual Specific 

ecimty M'^iiy 



10% horoogtnaU" 
30,000 X f euptmetant 
pH precipitelion 
(NH0,SO. pnsripimion 
iBOcleclTic (ocufiinf 



protein 


pTOl*in 






4860 


17.2 


1S49 


6.6 


940 


4.7 


392 


14.0 


24.1 


1.46 



R*cov«r> 



Purificetion 
l»ru>T 



milliiiTxif 

733.2 

559 

480 

210 

100 



0.15 

0.3 

0.51 

0.54 

4.14 



100 
76 
68 
30 
14 



1 

3.4 
3.6 
27.6 



HoroogeuflU wa* roede from 20 g of liesuc. 
Table II 

Etiect a dif fered moietU. of PuGlu. on P teGlu. hydrolysis 

— ~ ■ ~ ^ of coDirol •ctiviiy 

Compound 



PteGlu 
H.PteGlu 

PteGlui 

p-Aminobenioylglutamic ecid 
Fwrine 
GtuL&xDic acid 
•Y-Glutatnylgiutamic acid 
o-GIutamylglutamic acid 
o-Giutaipylglutamylglutaniic acid 



0.1 mK* 


1 mU 


85 


36 


86 


40 


0 


0 


0 


0 


92 


85 


96 


47 


92 


97 


100 


70 


100 


100 


100 


100 



Table 111 

Comparison of introceUuiar pu royipolygiuuimate hydroiaac and 
brush-bonier punTyipolyglutamale hy<irola*€ 



Property 



Apparent M, ' 
pH oplimutxi 
Pl 

Reducing agent require- 
ment 

Temperature stability 
MetaJ requirement 

for PtcGlu, (pM) 
K, foT PteGlui (fiM) 
Mechanism of hydiolyaie 



products resulting from bydrolyBis of ^^^^"'1 ^'J^ ^^1^1" 

tILic acid. Timed incubations of the * '"J?, V*^'"; 

showed the i.pid appearance of fobc -^f ^^^^^,"^^. 
minimal accumulation of inUrmediate product* ^^'i-^JJ^ 
cubation of the enzyme with Pt*Glu,["C]GluUu, '-^y^^^ 
a release of radioactivity that correeponded to 5% of tbe 
hydrolvEis rate when using PteGlu, a* eubstiate. . 

SuiKelluJar Locoxion-Vsing fresb tissue. intraceUular pt*r- 
oyS^yglutamaU hydrolase was locaU.^ in ^he fTsc^>cn 
enriched with mitochondria andlysosomes <F'e-^?/ ^^""^ 
a^d thawing of the tissue resulted in a f.^J*" 
of the lysosomal marker enzyme arid i"tracelUilar P^T^ylP?' 
yglutar^ate hydrolase (Fig. 5B). More than ^0% of lx=tb the 
lysosomal marker A'-Bcetylglucosamui.da*^ and p^roy^^y 
glut^mate hydrolase appeared in the soluble 
marker enzymes showed no changes when compared to fresb 
tissue. 

DISCUSSION 

The absorption of dietiiiy folaU is attributed in P^^rt to the 
activity of speciOc pteroylpolyglut^te ty<l^°'«^* '^^i;" 
the intestinal mucosa. To understand the mccban.sms m- 
I'^v din T^oJ^tion of dietary folate we H^ve /c^us^^our 
studies on two pteroylpolyglutamate bjdroUsesj^ human 
intestinal mucosa. B-cently we reported on he punnca . on 
and properties of the brush-border enzyme )2). ^he pres^^ 
study, we have examined the properties of the ^ 
Dterovlpolyglutamste hydrolase to understand the S>o^'°^e 
Konshfp of the two enzymes in folate dageefon and me- 

""^""sTown in Table 1. a 30-fold P-'*-'"^--, l"^:^'^^ 
nterovloolvRlotamate hydrolase was schjeved. The enzyme 
Can ^parent molecular weight of ^E>.«»V°P^'-^' 
at pH 4.5 a pi of 8.0. and instability at '"="^'"'lu (K 
The inhibition of PteGlu, bydrolys.s by PteGlu, - Z;^ 
„M) ,^d PteGlu, (K.. = 0.09 mM) showed competitive mh^bition 
patlTn;\i^th Lineweaver-Burk plot.. '"'^"^'7 .f, ^f^^^ 
affiniiv for longer chain pteroylpolygluvamBtes. b't.on o 
Pteclu, hydrolyeis by PteGlu.. and vo a lesser extent by other 
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foleu derivatives, and the lack of inhibition by a-glutemat^e 
or other moietiee suggest that the enzyme requires both the 
compleU fo)ic acid moiety and 7.glutAmaU linkage for activ- 
ity The enzyme is capable of cleaving both terminal and 
internal T-peptid* bonda since incubation of intracellular 
pt^roylpoWglutamat* hydrolase with PteGlu,l>*C]Glu re^ 
suited in the release of both ^^C-labeled glutamic acid and 
»*C-l8beled diglutamic acid. Tbe release of radioactivity when 
the enzyme was incubated with PteGlu,r*C]GluLeu, and the 
minimal accumulation of the intArmediaU product with 
PteGlu, incubation support this conclusion. Subcellular frac- 
tionation studies using differential centrifugaUOD demon- 
strated that tbe intracellular puroylpolyglutamat* hydrolase 
is located in the lysosomes. i, , j 

Comparisons of the properties of human intracellular and 
brush-border pterovlpoly gluts mate hydrolase indicate that 
they are distinct enzymes (Table 111). The differences between 
these two enzymes include molecular weight, optimum pH. 
temperature stabiUty. and requirement for met^ ions and a 
leducing agent. Both enzymes showed similar values for 
Pt*Glu3 and greatest affinity when both the foUc acid moiety 
and the -y-glutamate bond were present. However, intracel- 
lular pterovlpolyglutamate hydrolase had greaUr sfiinity for 
folates with longer glutamaU chains, whereas the brush- 
border enzyme had no preference for the number of glutamate 
residues. \S^ereae intracellular pteroylpclyglutamate hydro- 
lase is capable of cleaving both inUrnal and Urminal 7- 
glutamate linkages, the brush-border enr>TDe le an eiopepti- 

dasc (2). „ , , * 

Comparisons of human inustinal intrecellulai pteroylpol- 
vglutamate hvdrolase with pteroylpolyglutamate hydrolase? 
from other mammaJian tissues reveal similarities and differ- 
ences. Similar properties of pteroylpolyglutamate hydro a see 
have been described in human liver (^6). bovine hver (1 rat 
liver (18) bog kidnev (19), guinea pig int^tine (20), and rat 
inie-tine (21). In each siu. the enzyme bad an acidic pH 
optimum and was deroonetrated to be lysosomal in human 
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livei. T8t livei, 8T.d guinea pig inueline. The abihly to c leave 
inurnal -Y-gluumaU bonds wae observed in studies of pter- 
oylpolyglut^et* hydiolaae isolated from bovine liver end rat 
inustine, whereas eiop^ptidfiW activity wae observed in hu- 
man liver end hog kidney. Affinity toward longer Blutamat* 
chains was obaerved in both bovine liver and rat intestine. 
FurtbeTmore, sensitivity to eulfhydiyl agents and the protec- 
tive effect of reducing agtnts were properties of pt*roylpoly. 
glutamau bvdrolase from human liver, bovine liver, and hog 
kidney, which suggeeu involvement of SH groups in activity. 

Tbe role of intracellular pteroylpolygiut^mate hydrolase in 
the human intestinal mucosa is obscure. A possible mvolve- 
ment of the intracellular ptcroylpolygiutamal^ hydrolase m 
the absorption of dietary folaU is not excluded but would 
require transport of all or part of the pteroylpolyglut^mau^s 
into the cell prior to hydrolysis. Intracellular pteroy Ipolyglu- 
Inmate hydrolase mav function in regulating the levels of 
pteroylpolyglutajuates within the enterocyte since others have 
demonstrated the capability for synthesis of these forms of 
the viumin by intestinal mucosa (22). The simUarities be- 
tween human inUstinal intracellular pteroyipolyglutamate 
hydrolase and the intracellular eniyme from other mamma- 
lian tissues imply that these enzymes have similar roles in 
cellular folate metabolism. Furthermore, pteroylpolyglut*- 
mat* is not only the preferred coenzyme for many folate- 
dependent enzymes in single carbon transfer reactions but 
also has been found to be an effective inhibitor of a number 
of enzymes, including thymidyleU synthetase and methylene- 
H^PteGlu reductase (23. 24). Others observed increased glu- 
tamvlation of folate in hepatoma cells in the presence ol 
insulin or deiemetbasone (26)- These observations suggest 
that a fairly complex regulation of pteroylpolyglutamete levels 
ejisu in the cell and implies that jejunal mucosal intracellular 
pteroylpolyglutamate hydrolaae may play a significant phys- 
iological role in cellular metabolism. 
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NOTIFICATION OF REASONS FOR REJECTION 



Patent Application No.: 511426/94 



Examiner's Notice Date: February 20, 2004 



Examiner: Eiji Tababori 



This application is rejected on the grounds stated below. Any opinion about the 
rejection must be filed within THREE MONTHS of the mailing date hereof. 



REASONS 



1 . The invention described in Claim 39 of the present application is 
directed to a diagnosing method for humans aqd therefore it is 
unpatentable under the main provision of Section 29(1) of the Patent Law, 
on the grounds that it does not appear to be industrially available. 

2. The invention is unpatentable under Section 29 (1) (iii) of the Patent 
Law as being described in the following publication distributed in Japan or 
a foreign country prior to this application. 



Claims 23 and 24 
Reference 1 
Notes: 

Reference 1 discloses a rat protein of 94 kDa and it is noted that this protein 
includes an antigenic fragment of a prostate-specific membrane antigen such as of the 
present application. (See Proc. Natl. Acad. Sci. USA., Vol. 93, No.2 (1996) pages 749 to 
753 (Document 1), if necessary.) 

Claims 23 and 24 
Refierence 2 
Notes: 

Reference 2 discloses a human protein of 75 kDa and it is noted that this protein 
includes an antigenic fragment of a prostate-specific membrane antigen such as of the 
present application. (See J. Biol. Chem., Vol. 273, No. 32 (1998) pages 20417 to 20424 



Remarks 



Applicants: Ron S. Israeli, et al. 
Serial No.: 08/470,735 
Filed: June 6, 1995 
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(Document 2), if necessary.) 

Claims 27 to 30 and 32 to 34 

Reference 1 

Notes: 

Reference 1 discloses a polyclonal antibody to be bound to rat protein of 94 kDa 
and it is noted that the antibody is bound to an antigenic fragment of a prostate-specific 
membrane antigen such as of the present application. (See Proc. Natl. Acad. Sci. USA., 
Vol. 93, No.2 (1996) pages 749 to 753 (Document 1), if necessary.) 

3. The invention is unpatentable under Section 29 (2) of the Patent Law, 
as being such that the invention could easily have been made by a person 
with ordinary skill in the art to which the invention pertains, on the basis of 
the invention described in the following publication(s) distributed in Japan 
or a foreign country prior to this application. 



Claims 27 to 34 
References 1 and 2 
Notes: 

It would be easily achievable for a person having ordinary skill in the art to obtain 
an antibody to be bound to a protein disclosed in Reference 1 or 2 by using the protein 
as an immunogen. 



4. The application fails to satisfy the requirements under Section 36 (4) 
or (5) and (6) of the Patent Law, on the grounds that the specification and 
the drawing(s) are defective in the following respect(s). 

(1) The recitation of Claim 1 is not definite as to the scope of peptide covered by 
the term "antigenic fragment". Thus, this claim Is unclear with regard to the matters 
essential to the structure of the invention recited in the claim. This also case for the 
inventions recited in Claims 5, 6, 23 and 26. 

(2) The recitation of Claim 2 is not definite as to the element i) "a fragment that is 
characterized by its antigenicity ..." and the scope of peptide included in the fragments 
recited in the elements h) to j). Thus, this claim-is unclear with regard to the matters 
essential to the structure of the invention recited in the claim. This also case for the 
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invention recited in Claim 24. 

(3) The recitation of Claim 6 is not clear as to under what condition it "hybridizes 
specifically to a nucleic acid", and as to the scope of DNA, which is a chemical 
substance. Thus, this claim is unclear with regard to the matters essential to the 
structure of the invention recited in the claim. 

(4) Claim 6 recites "which hybridizes specifically to a nucleic acid according to 
any one of Claims 1 to 5"; however, the nucleic acids recited in Claims 1 to 5, contain a 
sequence that has a degeneration relationship with regard to a natural sequence, and 
therefore the recitation of this claim is technically not appropriate. 

(5) Claim 13 recites an invention of the plasmid deposited under ATCC75294. 
The Detailed Description of the Invention describes that the plasmid was deposited in 
the ATCC on August 14, 1992. Nevertheless, a copy of the de|:iosit certificate that 
certifies the deposit of the plasmid is not attached to the application. Therefore, it is 
not judged that the invention recited in this claim is described sufficiently in the Detailed 
Description of the Invention for a person having ordinary skill in the .art to be able to 
easily carry out the invention. 

(6) Claims 18 and 19 contains the expression "... which hybridizes specifically to a 
nucleic acid", which does not specifically describe of what nucleotide sequence the 
nucleic acid is made. Thus, the scope in which the nucleic acid is covered is not definite. 
Therefore, the claim is unclear with regard to the matters essential to the structure of the 
invention recited in the claim. — 

(7) Claim 32 recites an invention of a composition; however, the composition is 
not described definitely as to what components in combination it is made of, or the 
composition ratio is not described or the composition is not specified by its usage or 
characteristics. Therefore, this claim is unclear with regard to the matters essential to 
the structure of the invention recited in the claim. This also case for the inventions 
recited in Claims 33 to 36. 

(8) Claim 36 does not indicate its pharmaceutical usage in terms of the 
pharmacological effect. Further, the end of this claim does not match with that of the 
claim from which Claim 36 is dependent, and therefore the recitation of this claim is not 
appropriate. (The pharmacological effect should be described in general 
pharmacological terms.) 
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. (9) The invention of "use*' recited in Claims 38, 39, 41 and 42, is not clear as to 
what category of patent it belongs to, that is, it is a "product", "method" or "method of 
producing the product". 



The claims not mentioned in this Official Action are not rejected. If a new 
reason for rejection is noticed, a further Official Action will be issued. 
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If the applicant has any questions or wishes to have an interview, please contact 
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